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Section |. Technical Progress

This is the fourth Annud report of the Middle East Watershed Monitoring and
Evduation Project for the year 2004. All technica and financid reporting is coincident
with the annua cycle of the project as outlined in the May 29, 2001 guidance.
Additiondly, this report details further research efforts by project participants that
compliment the USAID/MERC-funded initiatives through financid support by the
USDA Forest Service and the U.S. Department of State.

1. Research Objectives:

a. Specific Project Objectives:

Monitor and evaduae the effectiveness of watershed management
practices in preventing eroson and incressng the efficiency of
water usein arid and semi-arid watershed pilot programs,

. Monitor the effects of these practices through measurement
of vegetation, hydrology, and eroson and sedimentation
data,

Evduate the monitoring tools used to assess treatment
effectiveness,
Evduate the biophysca measurements gppropriaie for evauation
of operationd watershed management practices implemented for
eroson control and biomass production in aid and semi-arid
regions,
Demondrate  effective  practices for forex and grasdand
management using pilot watershed programs.

b. Specific Objectivesfor Year Four:

ii.
iv.

Continue the ongoing monitoring program  undeway in  dl
participating countries,

In the West Bank, begin monitoring & the fourth Ste, Zeif, which
was previoudy inaccessble due to the politicad dtuaion in the
area,

Hold afourth International Study Team (IST) workshop,

Conduct trainings between West Bank and Isradli partners.

2. Research Accomplishments:

Each country collected numerous data points at their sudy stes. Andyssof
this data as well as rdlevant conclusions with regard to project objectives will
be addressed in the find project report.



a lsead
I. Ffteenrainfal events were measured in non-forested, newly
forested, and forested Sites,

ii. A detailed sample of biomass and biodiversity was taken from the
sudy ste for further examination in reference to micro-
topographic effects on biomass production and species richness,

b. Jordan
I. Detalled data concerning rainfadl and runoff amounts was collected
a the sudy Ste and five gauging sations,
ii. Aninventory of the vegetative cover of the study Site was
conducted through graduate student research efforts,
c. Turkey
i. Measured total catchments sediment flow levels on aregular bas's,
but only recorded one runoff evert in the three sub-catchments,

ii. Percent cover of species and biomass measurements were taken

from three sub-catchments.
d. United States
I.  Ranfdl, soil moisture and sediment production from roads were
measured in the Upper South Platte watershed,

ii. Measurements were taken on 20 thinned and 20 control swales
with regard to changes in ground cover.

e. West Bank
i. Additiond water harvesting structures were established at each of
the three exigting Sites,

ii. Fruit trees medicina plants, and herbs were planted at each of the
three exigting Stes.

3. Scdentific Impact of Cooperation:
Collaboretion between participants incressed  Sgnificantly  from  prior
years.
. lsradl and Turkey incorporated st fences into their study Stes, after
witnessng ther effectiveness during the 2004 IST dudy tour in
Colorado,
Jordan indaled sream gauges identicd to those being utilized in
|sradl,
Ilsrael has fashioned evapo-transpiration plots after examples seen in
the U.S. during the 2004 IST study tour,
The West Bank team incorporated research techniques related to study
plot design that are smilar to those employed by Turkey, the US. and
Isral,
Graduate students from the West Bank traveled to Israd for two
separde traning events that were developed specificdly for them by
the Isradli study team. The training workshops were focused on remote
senaing, soil moisture andlys's, and vegetation classfication,
A graduate student from the West Bank traveled to Jordan, met with
the Jordanian dudy team, visted ther study Site desgn and made
determinations about the most effective way to measure the impact of
water harvesting on natura vegetation attributes.




4. Description of Project Impact:

While t is too early to provide an assessment of the project’s impact, there

are three notable pogtive impacts:

- Improved collaboration and cooperation between country teams,
Growing interet by locd landowners and land managers in the
dudies, particulaly with regard to soil conservation and regeneration
of naive plants. Severd famers near the West Bank dte and in
Jordan have implemented changes in ther management practices
based on what they have observed on the MERC dtes. By the
dimination of grazing on cetan dudy plots land owners have
observed benefits that include regeneration of native and paatable
plants, decreased eroson and sedimentation, and greater water
effidency,
Further research opportunities have developed for graduate students
whose work was sponsored through this program.

5. Strengthening of Middle Eastern Inditutions:
a Graduate Students whose research was or is supported through this
project:
I. lgad:5(4 MS& 1PhD),
ii. Jordan: 8,
iii.  United States: 4,
iv. West Bank: 5.

b. InJordan, thereisgreat inditutiona support for the MERC project in both
Al Bagaa University and in the Royd Scientific Society’ s Badia Research
Program. The lead project researcher at Al Balgaa was promoted to
become a vice-president of the University, after being promoted to
become a dean of the University. He now oversees awider array of
research programs and initiatives related to watershed management and
applied ecological research. As aresult, other University researchers,
Badia Program researchers and former graduate students have advanced
and assumed a greater role in the project management and
implementation,

c. Project partners have visited the U.S. to participate in USFS-sponsored
seminars and study tours related to watershed management,

d. Research indtitutions associated with this program have secured funding
from outsde agencies to finance additiond initigtives related to watershed
monitoring that build on the MERC project. An example of thisincludes
the Td Rimmah Study in Jordan,

e. Asinother years, the annud I ST workshop and other exchanges have led
to cgpacity building among participants,

f. Patnersin Isragl and the West Bank are engaged in didogue to continue
training exchanges for graduate students.



Section |1

1.

Managerid |ssues

a

In 2004 the management of this project was transferred from the
International Monitoring Inditute in Fort Collins, CO, to the Forest
Sarvice' s Internationa Programs (1P) office based in Washington, DC.
An unexpected and positive result of thistrangtion is the increased role of
participants in project implementation. Over the last year, |P has overseen
the project on an adminigrative level, and has coordinated appropriate
technical consultation by current and retired technica experts from the
USFS. IP has witnessed participants assuming amore active role in the
ongoing development and implementation of the program,

Y ear FHve MERC funding has been dispersed and the final I1ST workshop
is scheduled to take place in Cyprus from October 1-3, 2005. The most
recent budget sheetsfor dl 5 participating countries reflecting al sources
of funds are appended to this report.

Speual Concerns

Previoudy, the West Bank study team had been unable to access their
dudy dte a Zef. They ae now able to access the ste with some
regularity, and have begun to implement the establishment of plots as
they had initidly intended. Additiondly, through support from the
Isadli study team and the USFS, the West Bank team was able to
secure permits to vidt Israd for two training activities & Ben Gurion
and the Blaugein Inditute. The first few attempts by the West Bank
graduate <udents to use ther permits were unsuccessful. After
repeated attempts and long periods waiting at the border, the team was
findly able to cross into Isradl. Ther second vigt was a dightly eeder
border crossng. Political tensons are Hill reported to be high in the
West Bank, rendering the students unable to share their experience in
|srael with others a home,

The internationd study team hopes to come to a resolution about what
type of future traning is both feasble and bereficid for the West
Bank and Isradl. In the last week, the West Bank has proposed another
short course for its sudentsin Isradl. The proposd is attached.

3. Cooperation, Trave, Training, and Publications:

In July of 2004, IST members traveled to Colorado for the fourth
annud I1ST workshop,

Five dudents from Hebron Universty in the West Bank have
paticipated in two gpecidized traning workshops a Ben Gurion
Universty and the Desert Research Center,

Two graduate students (one in Jordan and one in the West Bank)
completed their find research efforts in support of their theses which
are not yet published,

The following document was published: Libohova, Z., Effects of
Thinning and a Wildfire on Sediment Production Rates, Channel



Morphology, and Wate Quality in the Upper South Platte River
Water shed, Fort Collins, Colorado, Spring 2004,

Details on further exchanges between the West Bank and Isradl can be
referenced in the attached document,

See attached documents regarding the 2005 IST workshop in Cyprus.

4, Reguest for USAID actions:.
Thereis no request for USAID action at thistime.

5. Attachments.
Financial Spreadsheets up to 2004,
2004 country reports,
Agenda and participant list from the Cyprus mesting,
Request from the West Bank for further training in Isragl.
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Soil conservation and water regulation -

watershed scale
Research team

Jonathan B. Laronne (Department of Geography, Ben-Gurion University of the Negev),
Shmulik Arbel (Sediment Research Institute), Moshe Getker (Sediment Research
Institute) and Yulia Alexandrov (Department of Geography, Ben-Gurion University of the
Negev)

Objective

Within the purpose of this research a careful, scientific comparison is undertaken to
determine the output of runoff and erosion from a ‘natural’ watershed, from an afforested
watershed and from a watershed that has undergone intensive land management. The
objective of this research effort is to determine first-ever the effects of afforestation and
land management without afforestation on the runoff and erosional responses of a
semiarid terrain.

The objective includes comparison between these three types of land use for given
rainstorms and the relative and absolute effects of rainstorms of varying intensity,
duration and frequency on the runoff and sediment yield responses. Because the intensive
land management activities have recently been completed, the managed terrain is not yet
in dynamic equilibrium. Hence, we shall also determine the temporal variation of its
effect; i.e., to evaluate the time required for such a terrain to acquire stability. Although
the primary objective of this research is to compare outputs, we shall also attempt to
identify the main sources of erosion.

Research Watersheds

The Nahal (wash or wadi in Hebrew) Bikhra Watershed was chosen because of its
location in a semiarid environment, and because it includes a newly afforested,
unforested and treated areas. The untreated areas are not natural in the sense that this part
of the world has been grazed, often overgrazed, for the past 3,000 years. We intend to
monitor the entire Bikhra watershed (18.5 Km?). In the meantime we have monitored 3
sub watersheds (Fig. 1): an afforested watershed (1.6 km?®) mostly covered by pine, an
unforested watershed (0.6 km?) and a newly afforested watershed (2.1 km?). The newly
afforested watershed also incorporates the unforested watershed, such that by subtracting
the unforested from the newly afforested, we shall determine the response of the newly
afforested watershed excluding the headwaters. The extent of treatment was large, such
that undesired effects such as bank instability appeared at some locations.



Methods

Rainfall on the watersheds is represented by 16 miniature rainfall gages (magaz in
Hebrew). Their location is shown in Figure 2. Three rainfall recorders have been
deployed to determine rainfall intensity, possibly one of the most important variables in
determining runoff response.

We have constructed 2 Parshall Flumes: each can handle as much as 15 m® s™'. These
allow accurate determination of water discharge at the outlet of the newly afforested and
the unforested watersheds (Fig. 4). The forested channel was dammed to form a small
pond, and a stage staff monitors its maximal water depth. Because this watershed was
expected to yield little, if any runoff, recording instrumentation was diverted to the other
watersheds. The depth of flow at the weir edge determines water discharge by a depth
transducer, a depth sensor that transmits the depth of water to a built-in data logger.

Sediment is being monitored by three separate means. At the outlet of the newly
afforested and the unforested watersheds, we have installed pump samplers at each of the
Parshall flumes. Theses are automatic ISCO 24-bottle samplers. Beside each of the end
pipes through which water is being siphoned in to the samplers, we have installed a
turbidity sensor to determine the continuous turbidity of the water. Sedimentation plates
have been installed within the small pond draining the entire afforested watershed.. These
will allow determination of sedimentation volumes on a single-event basis.

Rainfall Data

During the 4th year of this research effort, we monitored altogether 15 rainfall events
(Table 1). Most of the depths were low (< 20 mm), surpassing 20 mm in 5 of the events.
Combining Table 2 with Figure 2, we conclude that there are relatively large differences
between the rainfall depth measured at the forest as opposed to the unforested and newly
forested basin. High rainfall intensity is a very significant variable in generating runoff.
The two rainfall recorders in the Bikhra watershed allow analysis of rain maximal rainfall
intensities for different periods of time as displayed in Table3.s due to topography.



Table 1. Rainfall depth (mm) at miniature rain gages during 2004.

Event Event Date Small Rain Gage Number
no. 1 2 3 4 5 6 7 8 19 10 (11 12 |13 (14 |15
1 7-9/1/04 15 (14 |18 |17 * 15 (16 20 |12 21 |* 21 (16 |15 |15
2 12-14/1/04 47 49 |55 |59 |* |56 |38 |63 [* 86 [* 84 |* |61 |46
3 22/01/04 5 4 4 6 | 6 4 5 3 6 | |6 * 4 |5
4 27/1/04 4 4 4 5 * 5 3 4 4 5 * 6 * 5 |5
5 1-2/2/04 * 20 23 23 |* 23 |18 20 (19 23 * 20 |* [20 |20
6 14-15/2/04 9 |9 10 |11 7 16 10 |6 11 10 8 |7
7 21-22/2/04 |7 |8 7 6 16 |5 1016 6 |5 5 6 5 |5
8 6/3/04 10 |12 |13 |13 (12 (12 (12 |14 |11 |* 13 113 |11 {11 12
9 20/3/04 1 2 2 1 3 2 B3 12 1 1 2 2 I3
28-
10 29/10/04 (14 2 |* 18 |13 11 |14 |11
17-
11 18/11/04 * 27 |* [* [ 22 * 24 21 6 30 26 26 25 21
21-
12 22/11/04 44 |50 |60 |63 |60 |53 50 |67 |53 |55 63 62 |55 |53 |50
26-
13 27/11/04 |11 (15 |19 20 (15 |18 (15 22 |18 (19 |19 21 (18 |17 |17
14 7-8/12/04 (17 21 20 21 21 |18 |19 22 (19 6 29 34 [20 [22 |19
15-
15 16/12/04 |5
24-
16 26/12/04 |16 |16 |15 |* | |* 15 |15 (14 (17 (18 19 (17 |17 |15

* No data as a result of vandalism, physical damage, theft of gages and gages blocked by sand or

dust.




Table 2. Area average storm rainfall depth for the different sub-watersheds.

Rainfall depth (mm)

Event Number [Event Date |Unforested |[Newly Forested |Forested
1 7-9/1/04 15 13 21
2 12-14/1/04 |59 52 85
3 22/01/04 5 5 6

4 27/1/04 5 4 6

5 1-2/2/04 22 20 22
6 14-15/2/04 18 8 11
7 21-22/2/04 16 7 5

8 6/3/04 11 12 13
9 20/3/04 2 2 1
10 28-29/10/04 |(14) 16 12
11 17-18/11/04 |24 22 27
12 21-22/11/04 |54 57 60
13 26-27/11/04 |18 18 20
14 7-8/12/04 20 20 30
15 15-16/12/04 |5 5 10
16 24-26/12/04 |17 15 18
Annual Rainfall h90 b6 377
(mm)

Table3. Maximal rain intensities for different durations recorded at rainfall recorder B
located in the unforested watershed.

5 min 10 min 15 min 20 min 25 min |30 min
Event # |Date of event
A B A BJaA BJA B A B A B
1 7-9/1/04 *
2 12-14/1/04 [ pe2p P37l 175 a6l 132 [122
3 22/01/04 *
4 27/1/04 *
5 1-2/2/04 *
6 14-15/2/04  *
7 21-22/2/04 |*
8 6/3/04 *
9 20/3/04 *
10 28-29/10/04 |*
11 17-18/11/04 *
12 21-22/11/04 |*
13 26-27/11/04 |*
14 7-8/12/04  |*
15 15-16/12/04 *
16 24-26/12/04 [*

* No data as a result of vandalism, physical damage, theft of gages etc.




Flow and Runoff Data

During 2004 flow data has been collected at the three hydrometric stations. Tables 4-6
summarize water discharge, which was low in comparison with other years.

Table 4: Summary of flow data for the forested sub-watershed.

Nﬁ:ﬁ;zr Event Date Start Time
1 7-9/1/04 No flow
2 12-14/1/04 No flow
3 22/01/04 No flow
4 27/1/04 No flow
5 1-2/2/04 No flow
6 14-15/2/04 No flow
7 21-22/2/04 No flow
8 6/3/04 No flow
9 20/3/04 No flow
10 28-29/10/04 | No flow
11 17-18/11/04 | No flow
12 21-22/11/04 | No flow
13 26-27/11/04 | No flow
14 7-8/12/04 No flow
15 15-16/12/04 | No flow
16 24-26/12/04 | No flow

As in former years with a single exception, water flow was not generated out of the
forested watershed, although rainfall depths were considerable, as much as 87 mm during
November 17-22, 2004.



Table 5. Flow data summary for the unforested sub-watershed. The highest water flow
events were in November, likely due to high rainstorm intensities.

Event Duration | Maximal Flow
Event Date Start Time End Time Discharge | Volume

Number 3 3
hh:mm m/sec m

1 7-9/1/04 No flow

2 12-14/1/04 13/01/04 14:59 | 14/01/04 10:31 | 8:26 0.13 970

3 22/01/04 No flow

4 27/1/04 No flow

5 1-2/2/04 No flow

6 14-15/2/04 No flow

7 21-22/2/04 No flow

8 6/3/04 No flow

9 20/3/04 No flow

10 28-29/10/04 | No flow

18/11/04

11 17-18/11/04 | 18/11/04 05:12 | 05:36 00:24 2.21 1040

12 21-22/11/04 | No Data

13 26-27/11/04 | No Data

14 7-8/12/04 No Data

15 15-16/12/04 | No Data

16 24-26/12/04 | 25/12/04 01:07 0.06 32

Table 6. Flow data summary for the newly afforested sub-watershed.
Event Duration | Maximal Flow
Event Date Start Time End Time Discharge | Volume

Number 3 3
hh:mm m’/sec m

1 7-9/1/04 No flow

2 12-14/1/04 13/01/04 15:21 | 14/01/04 14:33 | 14:00 0.13 2263

3 22/01/04 No flow

4 27/1/04 No flow

5 1-2/2/04 No flow

6 14-15/2/04 No flow

7 21-22/2/04 No flow

8 6/3/04 No flow

9 20/3/04 No flow

10 28-29/10/04 | No flow

11 17-18/11/04 | 17/11/04 21:37 | 18/11/04 10:20 | 02:40 1.65 2300

12 21-22/11/04 | 22/11/04 08:30 | 22/11/04 20:20 | 7:04 1.37 7850

13 26-27/11/04 | No flow

14 7-8/12/04 No flow

15 15-16/12/04 | No flow

16 24-26/12/04 | 25/12/04 17:38 | 25/12/04 19:41 | 2:03 0.01 29.5

Water discharge during 12-14January 2004 was low, although rainfall depth was 59 mm, likely
due to low rainfall intensities.
Notes: Duration of water flow excludes intermissions during flow events; Data not available as
the equipment in the hydrometric station was stolen or vandalized.




Table 7: Summary of rainfall and runoft data in the monitored watersheds for the year 2004.

Ayerage Runoff Runoff coefficient Specific discharge
[zt Event Date | oo depth % 3 1. 2
No. mm mm m” s~ km
FUNF Ju [N u N F u  Ne
1 7-9/1/04 21 |15 (13 |[No flow No flow No flow
2 12-14/1/04 |85 |59 |52 |* 147 102 [ 2.49 196 [* 0.196 [0.059
3 22/01/04 6 |5 |5 [Noflow No flow No flow
4 27/1/04 6 |5 |4 [Noflow No flow No flow
5 1-2/2/04 22 22 20 |No flow No flow No flow
6 14-15/2/04 |11 |8 |8 [No flow No flow No flow
7 21-22/2/04 |5 |6 |7 [No flow No flow No flow
8 6/3/04 13 |11 {12 |[No flow No flow No flow
9 20/3/04 1 2 2 |No flow No flow No flow
10 28-29/10/04 (12 |14 |16 [No flow No flow No flow
11 17-18/11/04 27 24 22 [* 1.57 |1.04 * 6.5 W7 [ 3.35 10.75
12 21-22/11/04 |60 |54 |57 [* * 3.56 * * 6.2 |* * 0.62
13 26-27/11/04 20 |18 |18 [No flow No flow No flow
14 7-8/12/04 |30 |20 |20 |[No flow No flow No flow
15 15-16/12/04 |10 |5 |5 [No flow No flow No flow
16 Ppa2e6/12/04 1817 islx o3 x .09 ¢ 0.0045 [*

- Watershed names: F = Forested, U = Unforested, N = Newly forested.

- N.F. - no flow.

* no data

@ Calculation of the specific water yield from the newly afforested area is inaccurate because it
depends not only on the difference in runoff between the unforested and newly afforested sites,
but also on transmission losses between them

The data in Table 6 is insufficient to reach conclusions concerning rainfall/runoff ratios,
since the events measured are low to very low, and the quality of the flow data is poor.

Soil Erosion

One of the purposes of this project is to examine the sources and monitoring means of the
soil erosion in the monitored area. Soil erosion derives from hillslopes and wadis. This
can be examined by a variety of methods from which we have selected the following:

1. Creating a silt fence on hillslopes to capture eroded sediment (on a slope area of
approximately 500 m?).
2. Placing sedimentation plates in small Limans draining microwatersheds (2000-5000
2
m”).




3. Measuring the advance of gully heads on small hillslope areas (approximately 1000
2
m”).
4. Cross sectional measurements of the wadi changes. The changes in width and depth of
the cross sections indicate of the quantity of eroded and deposited sediment.
5. Monitoring sediment concentration at the hydrometric stations by deployment of
automatic (ISCO) 24-bottle samplers and calibrated turbidometers.

Since there were no significant flow events this year, sediment could not be collected by
methods 1-4. The ISCO and turbidity methods did operate for short periods of time
during low flows; maximum monitored concentration was 50,000 mg/1, though typical
concentrations were somewhat low for this semiarid, loess clad area. Methods 1-4 will
be implemented at the end of the 5-year period of this project unless a large event occurs
earlier. Method 5 was deployed during several events. This section describes the detailed
runoff, sediment concentrations and water quality (electrical conductivity of the water
denoted by EC) of individual events this winter.

The first considerable rainfall event on 17-18 November, 2004 generated flood
hydrographs in the two basins that show the lag in and the diminished runoff from the
newly afforested basin (Fig. 1a). Water quality was high (low EC values) in both basins
(Fig 1b, 1c), with a slight flushing effect at the beginning of the hydrograph (beginning of
winter).

Unlike the low dissolved solids concentrations, those of suspended sediment were
similarly elevated in both basins (Fig 1c). Such concentrations have been typical during
the previous years; apparently although runoff yield is considerably decreased, as is
therefore sediment yield from the newly afforested area, the concentration of sediment
remains high 4 years after planting, likely due to the rigorous machinery changes which
the basin underwent.

Figure la. Hydrographs during the 17-18 November 2004 events.
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Figure 1b. Hydrograph and EC during the 17-18 Nov 2004 event, newly afforested (left) and
unforested (right) basins.
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Figure 1c. Hydrographs and sedigraphs during the 17-18 Nov 2004 event, newly afforested (left)
and unforested (right) basins.
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Figure 1d. Variation of suspended sediment concentration (SSC) with discharge (Q) during the 17-
18 Nov 2004 event in the unforested basin.



Table 8. Sediment concentrations and sediment yield from the unforested and newly afforested
basins in the 2 significant flow events of this winter.

sed yield median SSC max/min event SSC
ton g/l g/l
event un nf un nf un nf
17-18 Nov
04 2.13 689 17.66 8.43 58.81/5.32 49.21/2.62
25 Dec 04 0.38 8.41 17.57/1.85

* according to water samples or **according to turbidity values
SSC - suspended sediment concentration
nd — no data; un —unforested; nf — newly afforested

The high concentration of sediment, indicative of a high erosion rate, directly depends on water
discharge, but is particularly high by flushing when discharge is higher (Fig. 1d). On November 22
we monitored only in the newly afforested basin due to instrumentation problems at the upper
gauging station (Fig 2). A comparison may be made in the hydrologic response of the two basins
for the December 8 event: the hydrograph peaks differ more and the lag is somewhat shorter that
those for the November 17-18 event (Fig 1a). Water samples were unavailable for this event.
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Figure 2. Hydrograph during the 22 Nov 2004. Data from the unforested basin are unavailable.
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Figure 3. Hydrographs during the 8 December 2004 events.

An additional comparison between hydrographs is illustrated for the 25 December event (Fig 4a).
Discharge was very low from the unforested basin and negligible from the newly afforested basin.
During this event water quality was excellent (very low EC values) and sediment concentrations
were also low (Fig 4b).
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Figure 4b. Hydrographs and sedigraphs during the 17-18 Nov 2004 event, newly
afforested (left) and unforested (right) basins.

Mechanisms of water conservation — local scale

Research team

Pedro Berliner , Y Shachnovich and A. Maor (Wyler Department of Dryland Agriculture, The
Blaustein Institutes for Desert Research, Ben-Gurion University of the Negev),

Objective

Observations carried out during the present project indicate that the Yatir forest is instrumental in
the regional water conservation by dramatically reducing runoff. The objectives of the activities
described below are to study the mechanisms of water regulation effected by the trees on a small
scale which lead to overall water conservation. This was accomplished by assessing the various
components of the water balance of the trees in the afforested area and in the nearby clearing by:
evaluating the influence of tree canopy interception on the amount and distribution of rain beneath
tree canopies; examining the influence of the canopy on the rainfall/runoff relationship;

estimating the relative importance of each component in the water balance equation for the Yatir
Forest, and comparing changes in total soil water content in the afforested area and in the nearby
clearing.
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Methods

Two monitoring systems were established, one inside the forest and one in a clearing located close
by, each with three plots of 70m” each. In each of the plots located inside the forest there were 3-5
trees. In each of the plots the following relevant parameters have been continuously measured since
October 2000:

Precipitation was monitored (a) in the forest with a recording rain gauge above the canopy, (b) in
the forest below the canopy (20 cans) in each of the three replicates, and (c) in the open plots with a
standard rain gauge and 2 non-standard rain gauges.

Tree stem flow was monitored on six trees (located outside the instrumented plots). A collar
installed at a height of 1 m above ground collected the water running along the trunk and conveyed
it to a plastic container.

Surface runoff was monitored within the forest using a specially designed and built tipping bucket
with a resolution of 1 15", which was installed at the outlet of each of the three plots. In the
clearing runoff was monitored on one plot using a tipping bucket and measuring the total runoff in
the remaining two.

Soil water content was monitored with a neutron probe in weekly intervals to a depth of 6 meters,
in each plot (inside the forest 2 plots with 7 access tubes each and outside the forest one plot with 3
tubes and one tube in each of the remaining two plots).

Tree transpiration estimated by monitoring the sap flow velocity with the heat pulse technique on
six trees (five of them located within the boundaries of one of the plots) was monitored up to the
summer of 2003. Due to sensor breakdown and lack of replacements this aspect was discontinued.
In the present report we detail the rainfall and moisture measurements carried out during the
2003/2004 season.

Results

Moisture measurements: During the 2003/4 season water content measurements were carried out
within the forest and in the clearing. Seasonal course of readings for the various monitored depths
for one typical access tube within the forested area are presented in Fig. 1. It appears that no
changes in water content could are apparent below a depth of 1.5 m. This pattern is similar to what
has been observed in previous years. We decided to objectively determine this depth by comparing
the Coefficient of variation (CV=St. Dev./mean) for the whole season for each depth to the CV of
the standard of the instrument (CVy). The rationale being that for those depths for which the CV
was similar to the CV of the standard no changes in water content occurred and those depths could
be ignored for total soil water content computation. Their inclusion causes noise that probably
would mask small systematic changes. Results are presented in Fig. 2. All tubes reach the critical
value CVy at a depth of 1.65, which corresponds with the first reading taken within the rocky layer.
Tube No. 6 exhibits a larger CV than the other tubes for almost all depths. We attribute these
changes to the fact that this access tube was located in the lower part of the plot within a
depression, thus probably receiving the runoff generated above it. The reason for the small increase
in the CV observed at ca. 3 m. is presently being analyzed.
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box on the right) for tube No. 3.
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Fig. No.2. Coefficient of variation for the various tubes within the forested area as a function of
depth.

We carried out similar analysis for the clearing and the maximum depth was as well determined.
The total water content to the thus determined depth was computed and the average results for both
sites during the 2003/4 presented in Fig. 3. The general trend is similar to the one observed for
previous seasons and no significant difference between the sites (clearing and forested) was evident
prior to the onset of the rainy season nor at the end of the 2004 summer.
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Fig 3. Changes in the total soil water content (mm) during the 2003/4 season at both sites (clearing
and forest). Bars denote one standard deviation. DOY 0 corresponds to the 1.1.04.
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The total amount of water left in the profile at the end of the 2004 summer (DOY 300) is however
less than at the end of the previous summer (DOY —80). This result contrasts with positive values
found for previous seasons and which are summarized in Table 1.

Site FOREST CLEARING
Season 2001- 2001- 2002- 2003-
2002 2002-2003 | 2003-2004 2002 2003 2004
Water source Throughfall+Stemflow-Runoff Rain-Runoff
Net water input 276.3 307.4 195.3 298.5 (12) | 328.0 (13) | 209.8
(5.3)
Storage (mm) 3.50.7) | 19(21.7) -22 (5.7) 18.1 13.5 -33.3
(24.3) (24.2)
Water use (mm) 272.8 298.9 223 (5.7) |280.4(12) | 314.1 243.2
(9.7 (21.7) (36.5) (22.7)

Table 1. Major components of the local water balance at the two adjacent studies sites (forested and
clearing) in the Yatir Forest during three consecutive seasons. Numbers in parenthesis are the
corresponding Stand. Dev. (no values are presented for Net water input [Forest] as runoff data for
only one instrumented plot was recorded for all seasons). Storage was computed as the change in
the total soil water content between measurements carried out before the onset of two rainy
consecutive seasons and the water use as the difference between net water input and water use.

The Net water input is systematically higher in the clearing than in the forest, even though the
differences are very small. No significant differences between clearing and forested area are
evident neither in the storage nor in the water use for the three seasons. The noteworthy fact is that
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during the last reported year negative storage values were observed for both sites and the
suggestive fact that for both sites the negative value of the storage is balanced by the sum of the
previous two seasons

Overall the results presented in the table suggest that the presence of the forest has not changed the
annual water balance. The fact that the plots in the clearing were not grazed may have wider
implications for the management of areas similar to this one.

Supporting biodiversity — vegetation monitoring

Research team

Ariel Novoplansky (Mitrani Department of Desert Ecology, The Blaustein Institute for Desert
Research, Ben-Gurion University of the Negev), Clara Ariza (Albert Katz International School of
Desert Studies, Ben-Gurion University of the Negev).

Scientific background

Organisms living in arid and semiarid regions are confronted by a common problem of water
shortage. It is caused by both low rainfall and unpredictable distribution of rainfall during the
growth season (Hill and Woodland 2003, Prinz et.al. 1999). Water catchments have been used for
thousands of years to solve these problems. They are designed to store runoff from relatively large
contributing slope areas into smaller areas that enjoy increased water availabilities. Such relatively
simple practices allow human habitation and cultivation of agricultural cops in arid zones (Hillel
1997).

In Yatir, the KKL started the afforestation project in the 1960s’. The main tree species was Aleppo
pine, an introduced species that is very common in north Israel. The afforestation practice involved
planting of trees on naturally-shaped slopes with very little or no alteration of the topography.
Recently, KKL initiated an alternative afforestation system whereby a relatively large variety of
non-coniferous trees are planted along runoff boosted contour trenches that take advantage of the
hilly topography of the region (Safriel, et al. 2002). Contour trenches are constructed by bulldozing
long stripes of surface soil from contributing areas to construct elongated trenches and mounds
perpendicularly to the slope. Such a modified topography allows for greater (x 3-5) water
availability along the dammed trenches where the trees are planted. Consequently, the modified
topography is comprised of a diversity of micro-topographies that are not very common in
unmodified landscape, such as exposed rock surfaces (that were skimmed from surface soil, swales
and soil mounds as well as patches of unmodified slopes (Figure 1). There are quite large
differences in the physical characteristics of these micro-topographies. For instance, while the
mound and the swale have relatively deep soil, there is very sallow soil in disturbed patches.
Microtopography also affects soil water content due to changes in the ratio between runoff donor
and receptor areas as well as soil depth. In mounds, the deep soil can e.g. hold more runoff water
that is filtrated from the swale; hence more water is available for its vegetation. Swales are also
potential sinks for organic matter and nutrients. These large edaphic differences suggest that
contour topography is expected to generate a patchwork of habitats that best suit different groups of
plants (and other organisms). For example, while the more mesic swale and mound base are
expected to harbor more mesic Mediterranean plants, the more exposed, soil-poor, disturbed micro-
habitats are expected to be more suitable for competitively weak, slow-growing, xeric desert plants.
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Since the initial topographical modification of the contours includes a drastic removal of most of
the existing vegetation, the contour habitat as a whole is initially open for colonization and
succession. These processes depend on the local biotic and abiotic factors, such as light level,
temperature, water availability, competition, individual species traits, etc.

Previous research in Yatir (e.g. 2003 report) demonstrated that the total number of species found in
the Yatir's Aleppo pine forest was slightly lower than that of non-afforested areas. Nevertheless,
there was a large difference in species composition between forested and natural open areas.
Among 122 identified species found in both areas, 27 were new to the local natural plant
community, probably due to the unique physical conditions created by the pine forest (Ariza 2003).
It is expect that contour afforestation may have also created new types of habitats and an increased
spatial heterogeneity that would allow, at least in the long run, the coexistence of an increased
number of plant species, community types and biodiversity. The goal of the current research was to
study this general hypothesis, figure out the possible ecological and conservational implications of
contour afforestation in Yatir and develop an efficient vegetation monitoring scheme that would
allow for testing these implications in the long run.

Objectives
Analyze the 2003 and 2004 contour and untreated control vegetation data.

Study the effects of microtopography and slope aspect on biomass production and diversity of
natural vegetation.

Methods

Experimental design
The micro-topography of the contour habitat and slope aspect (East and West) were considered as
main factors. Eight sites were selected according to slope aspect and habitat type (Table 1):

Table 1: Survey design

Slope aspect Habitat # plots
East Control (unmodified slope) 2
East Treatment 2
West Control 2
West Treatment 2
Total 8

Table 2: Coordinates of the plots

Aspect Treatment Plot 1 Plot 2

East Control 31°18'12" N, 35°0028" E 31°18'06" N, 35°00'48" E
East Treatment 31°18'09" N, 35°00'16" E 31°18'10" N, 35°00'47" E
West  Control 31°18'04" N, 35°00'35" E 31°18'05" N, 35°00'55" E
West  Treatment 31°18'14"N, 35°00'16" E 31°18'04" N, 35°00'36" E

In 2003, the contour habitat was divided into 5 micro-habitats according to topography and extent
of disturbance. In 2004 one micro-topography (mound-top) was added (Fig 1).
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Figure 1: Micro-habitats across a single contour trench in the 2003 and 2004 surveys.

Plant biomass and diversity

Harvest of aboveground vegetation in the studies plots was conducted in the end of March of 2003
and 2004, when the vegetation was at peak mass production and bloom. The harvest included
shrubs in 2003 but not in 2004. In 2003 we used transects; in each site two transects were set
perpendicularly to the contour and across all micro-habitats. The width of transects were 10 cm and
the length varied depending on the length of the contour. In control sites (untreated slope), the
length of the transect varied from 3 to 21 m. The plants were collected by species and micro-
topography along each transect and were bagged for further processing. Plant samples were frozen
until further processing and than identified and weighted after drying for 48 h at 70 °C in a
ventilated oven. In 2004 plants were samples in 20 X 30 cm quadrates. The quadrates were
randomly locatred within each micro-habitat. The total quadrate array is detailed in Figure 2:
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Total # quadrates: 12 X 2 plots X 4 sites X 2 aspects = 192

Figure 2: Vegetation quadrate sampling in the 2004 survey.

In 2004, the sampling was interrupted due to military restrictions and only half of the control plots
were sampled. Thus, the final number of surveyed quadrates was 192-12*4= 144,

Biomass, species richness and evenness

Biomass per sq. m, species richness per quadrate and Shannon's evenness index were calculated for
the 2003 and 2004 data. Since section size varied among plots in the 2003 transect data, species
richness was translated into species richness per quadrate (0.06 sq.m) so the 2003 and 2004 could
be compared.

Data analyses

Statistical analyses (multifactor ANOVAs, comparison of means, regressions) were conducted
using STATISTICA 7. Factors included slope aspect (East, West) and micro-topography.
Significance level was set to a = 0.05 for all tests.

Results

Species-Area curves

Species-area curves were made based on the 2003 data. The curves (Figure 3) indicate that the
appropriate minimal sample size should be larger than 0.4 sq. m to best represent the species
richness in the studies habitats.
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Figure 3: Species-Area curves in 2003

Plant biomass

Factorial analysis of the 2003 data shows there was no significant effect of aspect on total plant
biomass (F (1, 207) = 0.0142, p = 0.905). The effect of micro-topography on biomass was not very
significant either (F (5, 207) = 1.57, p=0.17). However, using one way ANOV As, showed some
significant differences among specific micro-habitats (F (4, 121) = 3.21, p=0.015), with the
disturbed micro-topography being least productive (figure 4).
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Figure 4. Biomass production by micro-habitat in 2003
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The analysis of the 2004 data showed no significant effect of slope aspect on mass production (F
(1, 130) = 1.137, p= 0.288), but a significant difference among control and contour sites (F (6,130)
=3.884, p=0.001); (Figure 5).
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Figure 5: Biomass production by micro-habitat in 2004.

Besides the disturbed micro-topography, biomass production in all of the other miro-habitats
recovered quite well following the initial disturbance associated with the construction of the
contours. The 2004 data demonstrated an increased average biomass in swales compared to control
sites. Taking the entire contour as a single habitat, there were no significant differences in biomass
production between the control and the contour sites in both 2003 and 2004 (Figure 6).
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Figure 6: Biomass production in control and contour sites in 2003 and 2004.
Species richness

Both the 2003 and 2004 data showed significant effects of micro-topography and no effects of
slope aspect on species richness (Table 3).
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Table 3: The effects of slope aspect and micro-topography on species richness

Factor

F p
2003  Aspect 0.0000 0.996
Micro-topography 6.7681 0.00%***
2004  Aspect 0.0314 0.859
Micro-topography 6.0567 0.00%***

In 2003, the control and the swale (contour) habitats had the highest species richness compared to
the other three micro-topographies, and the mound-down and disturbed habitats having the lowest
species richness scores (Figure 7).
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Figure 7: Species richness by micro-habitat in 2003.
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Similar differences were found between micro-habitats in 2004, except for the disturbed micro-
habitat that demonstrated similar species richness scores to the control and the swale habitats.
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Figure 8: Species richness by micro-habitat in 2004.

Comparing 2003 and 2004 reveals a relative increase in species richness in the more disturbed
micro-habitats (mound, disturbed and swale). Comparing all the contour micro-habitats as a single
habitat showed significant lower scores in the contour compared to the control sites (Figure 9).
However, compared to 2003, this difference was slightly diminished in 2004.
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Figure 9: Species richness in contour vs. control sites in 2003 and 2004.

Evenness (species dominance equality)

Both the 2003 and 2004 surveys showed similar significant effects of micro-topography on species
evenness. However, although the micro-topography had significant effect on species evenness in
2003, Tukey HSD comparisons showed no significant differences among individual habitats. The
mound-down and the less disturbed habitats had lower evenness than others (Figure 10). The most
apparent difference was between the most disturbed micro-habitats (mound-up, mound-top, mound
down) and the other micro-habitats. Slope aspect significantly affected species eveness in 2004 but
not in 2003 (Table 4).

Table 4: The effects of slope aspect and micro-habitat on species evenness in 2003 and 2004

Factor F p
2003  Aspect 0.262 0.609
Micro-topography 3.558 0.004**
2004  Aspect 4.690 0.032*
Micro-topography 2.500 0.028%*
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Figure 10: Species evenness by micro-habitat in 2003.

Evenness in west facing plots was significantly lower than in east facing slops (Figure 12).
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Figure 11. Species evenness by micro-habitat in 2004.
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Figure 12: The effect of aspect on species evenness in 2004

Comparing the entire contour habitat as whole to the controls revealed no significant differences in
species evenness in either year (Figure 13).
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Figure 13: Species eveness in contour vs. control sites in 2003 and 2004.

Chorortype
Analyzing species compositions according to their global geographical distributions (chorotypes)
revealed similar distributions across different habitats and micro-habitats (Figure 11).
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Although the distribution of species numbers and biomasses did not reveal any significant
differences between the studied micro-habitats, the data reflects the typical composition of a fringe
semi-arid Mediterranean community, with the Mediterranean type as a dominant followed by the
Irano-Turanian type and the Saharo-Arabian as a minor component.

Main trends and interim conclusions

Plant biomass production: Although there were differences in plant mass production among the
contour micro-habitats, both the 2003 and 2004 data demonstrated no significant overall
differences between the contour habitat as a whole and the untreated control habitat. This means
that although only 4-5 years passed since the great disturbance (removal of <80% of all plants and
biomass) that accompanied the initial construction of the contour topography, biomass production
by natural vegetation recovered relatively swiftly and is already compensated for. Reviewing the
current vegetation % cover gives a strong expectation in the long run, after fuller plant colonization
and vegetation regeneration, the total mass production in the contour sites will greatly exceed that
of the control sites.

Slope aspect: the consistent lack of slope aspect effects are slightly surprising given the low levels
of precipitation in Yatir. It is suggested that the slope aspect effects are relatively subtle compared
to the more prominent effects of micro-topography and other local random factors. Further
inclusion of slope aspect as a main factor will be reconsidered- dropping it may allow more detailed
sampling and analyses of other factors.

Species richness: as expected following a drastic disturbance, there is a significant decrease of
species richness in contour trench compared to the control sites. However, species richness in swale
and other contour disturbed habitats (in 2004) was showing slightly, although not significantly,
higher scores than the control sites. As the processes of species colonization continues, we expect
contour species richness to greatly increase over time and to possibly exceed that of the controlled
sites.

Species evenness: no significant differences were found among the micro-habitats within the
contour habitat or between the entire contour habitat and the untreated control. Further analysis is
needed to reveal whether this finding is representative and relaible, a reflection of a temporary
(successive) state, or a mere consequence of a low statistical power.

Species chorotypes: although the three main chorortypes were represented differently in the
biomass of the different micro-habitats, their proportion was relatively similar and could not reflect
any obvious differential trends. It is suggested that further species colonization and greater biomass
production in the next few years might reveal clearer trends that are currently obscure due to the
young colonization stage of the contour habitats.
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Objectives

Leaf Area Index (LAI) is defined by one-sided green leaf area per unit ground area. Since LAI
affects the amount of intercept light, it is an important structural parameter for quantifying the
energy and mass exchange characteristics of terrestrial ecosystems such as photosynthesis,
respiration, transpiration, carbon and nutrient cycle, and rainfall interception (Gong et al., 2003).
The objectives of the work are: (1) estimating leaf area index (LAI) from remote sensing data; and
(2) producing satellite-derived LAI map for the Yatir forest.

Methods

For implementing these objectives field and image processing methods were used. The fieldwork
includes LAI assessment by indirect method, which is estimating the light interception within the
canopy (Eklund et. al., 2001). The measurements were done using the AT- SanScan Canopy
Analysis System that measures a photosyntheticly active radiation beneath the canopy for defining
transmittance and calculating LAI using Normann and Campball approach (1989). 7 forest plots
were selected with different stand density and were sampled in two campaigns, in March and May
2004, each throughout the whole day in order to relate the LAI to different solar zenith angles. The
density was defined by JNF as a number of trees per unit area (hectare in our case) and expressed
as Stand Density Index (SDI) following Reineke (1933).

Results

The relationships between LAI and the SDI are presented in Table 1 and Figure 1. It is possible to
see that the denser the site the higher the LAL The logarithmic regression coefficient is R* = 0.86.

Table 1 LAI estimation over seven sites with different stand density, which is represented here by

Stand Density Index (SDI). It is possible to see that the denser the site the higher the LAI (the
logarithmic regression coefficient is R*= 0.86).
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Site |[SDI  |LAI

DI  [625.25(3.27
BY 654.65|3.32
BYW (434.90|3.17
B3  [215.57|1.12
Grid 1{256.00(1.76
Grid 2219.46(1.58
Grid 3[204.702.04

LAl = 1.64Ln(SDI) - 7.2
35 - R?=0.86

LAI

200 250 300 350 400 450 500 550 600 650 700
SDI

Figure 1: Leaf Area Index (LAI) as a function of different stand density expressed as Stand Density Index (SDI).

A 2-meter resolution IKONOS image was obtained on 21 March, 2004. The image was
radiometrically, atmospherically, and geometrically corrected according to UTM grid, datum
WGS-84, and zone 36, North. The research sites were detected using Global Positioning System
(GPS) and subseted from the image using ERDAS Imagine image processing software.

There are two possible approaches to calculate LAI from spectral reflectance spaceborne data. One
is to use simple correlation between in-situ measurements and any spectral vegetation index, which
will be appropriate to give a right description of vegetation at each site according to its density.
The other, which is more complicated, is to follow three consequent steps to LAI calculation:

1. To calculate spectral vegetation index.

2. To calculate fractional vegetation cover from this index, which is actually the
percent forest area occupied by the vertical projection of tree crowns

3. To calculate LAI from a fractional vegetation cover according to an exponential

relationship between those two factors.
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At this stage it was decided to follow the second approach, to examine eight different spectral
vegetation indices and to compare them with the in-situ LAl measurements. Table 2 depicts the
preliminary results of those calculations and comparisons for each chosen index.

Table 2 A comparison between eighth spectral vegetation indices that were calculated over seven
research sites, in-situ measured data and stand density index (SDI). Best correlations were
found between the Modified Weighted Difference Vegetation Index (MWDVI) and the
Normalized Difference Vegetation Index (NDVI) and the Leaf Area Index (LAI).

R2

Index [BY D1 B3 BYW(Gridl Grid2|Grid3R? (LAI) [(SDI)
SAVI [1.6912.192.15[1.95 .71 |1.65 .16 [0.08 0.08
MSAVI [2.04 2.07 2.052.12 [1.95 [1.87 [1.93 (0.44 0.40
TSAVI [1.55(1.56[1.56 |1.68 [1.23 [1.01 [1.11 {0.40 0.42
NDVI [2.732.85[2.613.15 R.61 2.52 .78 [0.63 0.21
MWDVIR2.00 2.09 |1.89 2.36 [1.78 [1.83 [2.05 [0.64 0.21
WDVI [1.60(1.62[1.60 [1.66 [1.50 [1.50 [1.55 [0.48 0.37
RDVI .07 2.1012.07 2.17 [1.99 [1.92 [1.99 [0.51 0.39
EVI  [1.67]3.002.80[1.91 .19 [1.50 [3.89 [0.01 0.05

The results show that the Normalized Difference Vegetation Index (NDVI) and Modified Weighted
Difference Vegetation Index (MWDVI), highlighted by bold, are best correlated with measured
data, which indicates some relationships between them and LAI , but a weak correlation between
those indices and site density is still inquiring there further examination at additional locations
within the forest.

References

Eklundh, L., Harrie, L. and Kuusk, A. (2001). "Investigating relationships between Landsat ETM+

sensor data and leaf area index in a boreal conifer forest." Remote Sensing of Environment
78(3): 239-251.

Gong, P., Pu, R., Biging, G. S. and Larrieu, M. R. (2003). "Estimation of forest leaf area index
using vegetation indices derived from Hyperion hyperspectral data." Geoscience and
Remote Sensing, IEEE Transactions on 41(6): 1355-1362.

Norman, J.M. and Campbell, G.S. 1989. Canopy structure. In: Plant physiological ecology. Field
methods and instrumentation, edited by R.W. Pearcy, et al, pp. 301-326. Chapman and Hall,
London.

Reineke, L.H. (1933) “Perfecting a stand-density index for even-aged forest.” Journal of
Agricultural Research 46:627-638

30



Watershed Management of the Central Part of Jordan Valley,
Jordan

Under
Middle East Watershed Monitoring and Evaluation project

Project team:
Atef Al-Kharabsheh, Mohammed Shahbaz, Omar Rimawi, Radwan Al-Weshah, Sdem
Al-Oun, Rida Al-Adamat, Saad AlAyyash and Afaf Al-Adamat

Annual Report

2004



Table of Contents

Chapter 1: Data collection
Chapter two: Mapping the vegetation cover in Humrit Al-sahin at

Al- Salt
Chapter Three: Graduate Studies
Appendix 1.
Appendix 2.
Appendix 3:

Appendix 4.



Chapter one: Data Collection and Analysis



Introduction

Problems concerning water are consdered the most important significant among those
facing Jordan today’s and even in the near future. They arise (mainly) from an arid to
semiarid dimae with low annud rainfdl ranging from 600 mm in the northwest to less
than 50 mm in the eastern and southern deserts which form the mgor pat of the
country, a high population growth as a result of refugees coming to Jordan and as a
result of naturd multiplication and the rapidly increesng demand for water for the
agriculturd and industrid needs.

Water shortages, soil eroson and sedimentation are serious problems in many parts in
Jordan as an arid to semi-arid dimate. Rainfdl varies from years to year in quantity,
digtribution, intensty and duration. In such regions, soils are characterized by very low
crop production resulting from periodic droughts and deteriorating soil  properties.
Cultivating such areas depends on solving problems associated with water resources

and soil deterioration.

The man water source in Jordan is the rainfal, thus the need for rainfdl water
harvesting is needed to reduce soil eroson and sedimentation, which will reduce the
loss of soil and increese soil water storage and soil fertility. More than 70% of
available water is used in agriculture sector, therefore, good soil and water
conservation management is needed to reduce the amount of irrigation water and to
mantan good soil qudity, by increesng the soil waer haveding dructures The
concept of water harvesting is to collect (harvest) water from larger areas (catchments)
and to concentrate it on a smaler (run on) area Water harvesting has been used for
many years in different areas of the world to combat the problem of irrigation weter
shortages.

Water harvesting means to understand the vaue of rain, and to make optimum use of
the rainwater at the place where it Hls. Soil and water conservation management is the
aoplication of engineering principles to the solution of soil and water management is
the gpplication of engineering principles to the solution of soil and water management
problems. The conservation of these vitd resources implies the maximum utilization of
resource to obtain high level of production without affecting its future potentid. This

process is known as sustainable management of the resource.



Problems involved in soil and water conservation may be divided into erosion control;
drainage; irrigation; flood control; moisture conservation; and water resource
development. Moidture conservation entalls gpplication of modified tillage and crop
management.  Practices including naturd and  atificad mulching techniques, leve
terracing, contouring and other physicad means of retaning precipitation on the land
and reducing runoff and evaporation losses from the soil surface. Food control
congsts of the prevention of overflow on low-land and reduction of low in streams
during and &fter heavy storms while water resources development involves the
collection and storage of surface water as well as the recharge and orderly development

of ground water supplies.

In Jordan, due to the high demand on food to meet the increasing population growth,
the incorporation of arid and semiarid areas in agriculture production has become a
necessity. In these areas, surface runoff accelerates soil eroson and depletes the
productivity of soils and produces sediment, which is one of the mgor pollutants of the
environment. In addition, improper irrigation practices may result in further water
qudity deterioration. Therefore, conservation measures to reduce the rate of soil and
water losses at tolerable rate are necessary in order to consarve soil fertility, improve

crop production and to sustain productivity of these soils for future generation.

Theoreticaly, proper watershed management and soil practices will reduce the rainfal
impact on soil and intendty of runoff and subsequently increase soil moisture storage
from ranfdl while mantaning low levds of soil eroson and sedimentation. The
objectives of water harvesting will help in the followings.

a) Deemine the effect of rainfal characteristics on soil moisture storage and runoff
harvesting under different soil surface management

b) Determine the effect of rainfdl characteristics on sediment heght and soil eroson
as affected by soil surface management.

¢) Increasethe artificia recharge of groundwater.

d) Increasethe safeyidd of aquifers.



Hydrometeor ological Network

The hydrometeorologicd network in the dudied caicchment area comprises,
cimae dations ranfal dations and runoff dSations. It is composed from 3
meteorologicd  daions messuring daly  ranfdl, temperaure,  humidity,
radiation, wind speed and direction, 7 evgporation dations, 7 ranfal sations
and 5 runoff gauging gations.

Climate

The climate in the Jordan Valley is predominantly of the Mediterranean type. A hot dry
summer and cool hot winter characterize it, with two short transitional periods in
between. The first starts around mid November and the second starts around end of
April. The climate of the study area could be divided into two main types according to
the topography: the hilly and Ghore areas.

The hilly aea is characterized by its plessant climate, it has cool dry summer
and cold wet winter. The temperature in hilly regions could be described as
cool temperature. In winter, this area experience cold weether and in January
the temperature is rather low. The hilly aea is represented by Dafdi and
Shananir  climate dation, whereas Mintar climate dation represents the Ghore

area.

There are three meteorologicd dtations in the vicinity of the study area, one is located
at Dafdi representing the high lands, and the two are is a Mintar dation representing
the lower lands The three dations messure daly ranfdl, temperature, humidity,
radiation, evaporation, wind speed and wind direction (Appendix 2&3). The mean
monthly temperature ranges from 11.6 °C in February to 29.1 °C in July a Wadi
Dafdi, while it ranges from 128 °C in January to 30.25 °C in duly for Wadi Mintar
(Tables1,2 & 3).



Table 1. Monthly and Average of Climatoligical Parametersof Mintar 1 Station during The Year 2004

Climatic Parameters Month

Jan. Feb. | Mar. |[Apr. |May | Jdn July Aug. | Sep. Oct. Nov. Dec.
Maximum Temperature C 15.74| 1881 | 24.11| 27.96| 30.93| 33.25| 36.54| 3464| 3405| 31.08 23.2 16.5
Minimum Temperaiure C 848| 9.12| 13.62| 15.81| 17.38| 20.01| 2254| 2151 2091| 19.82| 14.18 8.14
Mean Temperature C 1211 | 13.96| 18.86| 21.88| 24.15| 26.63| 29.54| 28.07| 2748| 2545| 18.69| 12.32
Wind Speed (Knmvhr) 576| 4.77| 551 574| 6.09 6.34| 6.15| 6.04 5.79 4.67 512 3.91
Sunshine Durdtion (hrg/day) 4| 6.15| 6.82| 7.75| 6.17 6.43| 804| 877 6.38 3.64 4.73 55
Rdative Humidity (%) 8212 | 76.24| 75.48| 7358| 7097| 66.13| 61.09| 6148| 58.72| 58.75| 64.63| 71.24
Table2. Monthly and Average of Climatoligical Parameters of Mintar 2 Station during The Year 2004
Climatic Parameters Month

Jan. Feb. | Ma. | Apr. | May |Jdun July Aug. | Sep. Oct. Nov. Dec.
Maximum Temperature C 1643 | 19.6| 24.93| 2891 | 31.91| 34.18| 37.48| 3559 | 34.96 31.8| 2403| 17.32
Minimum Temperaiure C 927 | 9.93| 14.03| 16.23| 17.74| 20.28| 22.96| 22.29| 21.65| 20.38| 15.03 9.11
Mean Temperature C 12.85| 14.76 | 19.48| 2257 | 24.82| 27.23| 30.22| 28.94 283| 26.09| 1953| 1321
Wind Speed (Km/hr) 419| 361| 392| 421| 457 474 | 462| 4.39 4.48 3.39 3.24 2.48
Sunshine Duration (hr/day) 43| 565| 7.06 78| 6.61 7.38| 893| 937 8.85 6.25 5.16 5.16
Rdative Humidity (%) 8296 | 77.67| 75.16| 73.41| 69.98| 66.01| 60.86| 62.77| 60.21 60.3| 64.86 71.6




Table 3. Monthly and Average of Climatoligical Parameters of Dafali Station during The Year 2004

Climatic Parameters Month
Jan. | Feb. | Mar. | Apr. | May | Jun July | Aug. | Sep. Oct. Nov. Dec.
Average Wind Speed (Km/hr) 594| 451| 557| 523| 548 577| 538| 521 4.7 3.89 5.16 4.24
Average Relative Humidity (%) 70.38 | 64.13| 46.03 | 37.83 | 38.19| 3946 | 37.67 | 47.51| 43.43| 42.83 51.9| 56.29
Average Air Temperature C 11.67 | 12.26| 17.39 | 20.18 | 23.04 26| 29.18| 27.73| 26.78| 2517| 1862| 11.76
Average Soil Temperature C 1186 | 1299 | 17.7| 2577 | 31.71| 3422]|39.19| 37.13| 34.01| 3049| 20.88 12
Total Solar Radiation (Mj/M) 8841198 1792|2179 | 25.3 284 28.63| 25.87| 2218| 16.02| 1041 9.08
Dominant Wind Direction E S W S S W W W W W S S
Table 4. Evaporation Rate (mm) at Humrat Al Sahin during the Year 2004
L ocation Jan. Feb. March Apr. May Jun Jul. Aug. Sep. Oct. Nov. Dec.
Dafali 53.53 67.03 150.47 | 251.24 | 316.66 | 321.77 | 376.78 | 308.69 | 269.9 222.24 131.1 65.74
Mintar 71.36 80.02 165.6 266.39 | 332.69 | 336.86 | 393.08 | 324.63 284.8 237.45 | 144.27 79.16




Rainfall

The rain falls mainly in the winter season with its heavy fall in November and January
(Fig. 1). Rainfall generally begins in October and lasts in May, the remaining months
of the year are dry. The Cyclonic type of rainfal is reported to reach the region
occasondly during the period from December to March.

There are seven ranfdl dations in the sudy aea All dations measure the daly
ranfdl, and two of them have dso ranfdl recorders giving hourly ranfdl events
Table 5 represents the average monthly and annuad rainfal for the year 2004/2005.
The annud ranfdl ranges from 3652 mm a Wadi Dafdi to 2954 mm a Wadi
Mintar (Table 5). Table 6 shows the storm rainfal for al dations located in the study
aea. Genedly, the rainfal decreases from east a Wadi Dafdi to West a Wadi
Mintar. This dendty is sufficient for evaduation of regiond didribution and the
determination of annua averages, according to the World Meteorologica
Organization Guide (Fig. 2).

Fg. 3. shows ranfdl corrdation between Dafdi sation at the upper pat and Mintar
gation at the lower part of the study area.

Table 5. Monthly and Average Rainfall for the Station (Dafali, Shananirl, Bee,

Shananirr2, Green House, Date Palm, Mintar) during the Y ear 2004/2005.

Rainfall Month Annual
Station Oct. Nov. Dec. | Jan. Feb. | March | Apr. M ay Total
Dafali 0.6 109.8 | 322 | 1218 | 56.8 30.6 6.6 6.8 365.2
Shananir 1 04 105.4 32 116 52.8 28.4 6.2 6.6 347.8
Bee 04 106.6 278 | 1024 | 474 26.8 5 6.4 322.8
Shananir 2 04 103.6 28.8 97.2 | 446 25.8 5 6 311.4
Green

House 04 104.6 27 98.2 | 432 25.2 4.8 54 308.8
Date Palm 04 103.2 26.6 94 41 24.8 4.6 5 299.6
Mintar 04 101.8 25.8 89.6 | 44.2 24.6 4.6 4.4 295.4




Table 6. Storm Rainfall analyses of Rainfall Stations arranged from Top to Bottom.

Date Dafali Shananirl Bee Shananir2 Green House Data Palm Mintar
28.10.2004 0.6 04 04 04 04 04 04
17.11.2004 A 33 33 328 32 314 30.8
18.11.2004 128 124 122 12 12 116 112
22.11.2004 45.8 43.8 44.8 43.2 43.6 43 424
23.11.2004 12 1 1 08 08 0.8 08
26.11.2004 142 138 142 136 14.8 152 156
27.11.2004 18 14 14 12 14 12 1
07.12.2004 44 6 4.2 58 38 36 32
08.12.2004 126 122 12 114 118 114 108
15.12.2004 1 0.8 0.2 04 0.2 0.8 0.8
16.12.2004 06 06 08 04 0.6 04 0.6
21.12.2004 0.2 0.2 0.2 0.2 0.2 0.2 0.2
24.12.2004 10.8 10.2 8.6 9 84 8.8 8.6
25.12.2004 26 2 18 16 2 14 16
02.01.2005 154 14.8 122 12 104 9.8 94
03.01.2005 9.8 9.2 102 9.6 8.8 8.6 8.2
04.01.2005 52 5 38 36 48 46 44
05.01.2005 186 182 164 16.2 16 154 148
06.01.2005 24 22 12 14 2 2 18
15.01.2005 38 34 26 22 34 36 34
16.01.2005 04 0.2 1 08 0.6 04 0.2
18.01.2005 4.4 4 4 36 4 38 3.6
19.01.2005 326 316 28.2 27 278 27.2 26.8
20.01.2005 46 44 3 26 42 4 38
22.01.2005 16.6 158 136 128 10.8 9.8 9
23.01.2005 34 32 24 22 24 22 2
24.01.2005 46 4 38 32 3 26 22
01.02.2005 18 16 18 14 16 18 2
02.02.2005 18 16 16 12 1 0.8 1
04.02.2005 4.2 38 32 3 3 3 34
05.02.2005 3 2.6 24 2 12 1 12
06.02.2005 124 116 102 10 104 108 114
07.02.2005 126 12 102 9.8 88 8 84
08.02.2005 13 124 116 112 11 102 10.8
11.02.2005 14 12 1 1 1 08 1
12.02.2005 6.6 6 54 5 5.2 4.6 5
04.03.2005 12 1 0.8 0.8 04 0.2 0.2
07.03.2005 1 08 08 06 06 06 0.6
08.03.2005 0.2 0.2 0.2 0.2 0.2 0.2 0.2
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09.03.2005 | 204 19.6 186 18.2 17 17 16.6
10.03.2005 22 2 14 12 24 22 22
11.03.2005 0.8 0.6 0.6 0.6 0.2 0.2 0.2
12.03.2005 48 42 44 42 44 44 46
02.04.2005 4 38 24 26 3 28 28
03.04.2005 14 12 14 12 08 0.8 08
04.04.2005 12 12 12 12 1 1 1
04.05.2005 6.8 6.6 6.4 6 54 5 44

Total 365.2 347.8 322.8 3114 308.8 299.6 295.4
Runoff

Runoff is a function of precipitaion, soils ground cover, €evation of
cachment and dope of these factors precipitation is the most vaiable. The
shgpe of the drainage basn dso governs the rate a which water enters the
dream. In generd, there are two types of caichments, fan shape and fern ledf
cachments. The fan shaped caichments give grester runoff, because
tributaries ae nearly of the same sze and therefore, time of flow is nealy the
same and is smdler. Whereas in the fen lesf cachment as in most of the
dudied catchments, the tributaries are generdly of diffeeent lengths and the
time of concentration is more as the discharge has to travel longer distance. A
number of mgor wadis dran into the Dead Sea without utilization. These
wadis ae chaacterized by narow to wide shdlow flow-beds with rdativey
high dopes.

During the rany season high amounts of ranfdl may occur over the heghts
resulting intermittent  flood runoff in winter months and in the other days of
the yer some peennid flow from sorings may be seen in the man wadis.
These base flows ae manly the wae beng dveted for the use for

irrigation in the Sudy area.

To monitor runoff five gabions were condructed and equipped with
automatic weater level recorders two of them on Wadi Dafdi, two on Wadi
Shananir and one on Wadi Mintar during this year. The runoff volumes range
from 183 m3 in Mintar catchment area to 1690.1m3 in Dafdi cachment area
which includes two runoff gauges (Table 7).
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Table. 7.Volumes of runoff at gauging station

Dafali Gauging Station

Discharge Q
Date (m®) Length(m) | Hight(m) | Time(sec) Volume(m®)
17/11/2004 0.002 1.8 0.015 2700 4.46
0.002 1.8 0.015 900 1.49
0.133 18 0.28 1200 160.02
0.106 1.8 0.24 1800 190.47
0.007 1.8 0.04 1800 12.96
0.194 1.8 0.36 900 174.96
0.155 1.8 0.31 2700 419.42
0.010 1.8 0.05 900 9.06
22/11/2004 0.211 1.8 0.38 1800 379.48
0.148 1.8 0.3 900 133.10
0.010 1.8 0.05 900 9.06
0.005 1.8 0.03 1800 8.42
26/11/2004 0.010 1.8 0.05 2700 27.17
0.005 1.8 0.03 900 4.21
0.003 18 0.02 660 1.68
05/01/2005 0.028 1.8 0.1 1500 42.69
0.010 1.8 0.05 900 9.06
0.010 1.8 0.05 2700 27.17
Total 1614.86
Mintar Gauging Station
Discharge Q
Date (m°) Length(m) | Hight(m) | Time(sec) Volume(m?®)
17/11/2004 0.010 1.2 0.065 900 8.95
0.002 12 0.025 300 0.71
0.005 1.2 0.04 1800 8.64
Total 18.30
Dafali2 Gauging Station
Discharge
Date Q(m°) Length(m) | Hight(m) | Time(sec) Volume(m®)
22/11/2004 0.002 1.2 0.02 1800 3.05
0.002 1.2 0.02 900 1.53
26/11/2004 0.038 1.2 0.16 1200 46.08
0.016 12 0.09 900 14.58
0.011 1.2 0.07 900 10.00
Total 75.24




Shananir 1 Gauging Station

Discharge
Date Q(m’) Length(m) | Hight(m) | Time(sec) Volume(m?®)

17/11/2004 0.058 12 0.21 600 34.64
0.022 1.2 0.11 600 13.13

0.009 12 0.06 600 5.29

0.005 12 0.04 900 4.32

22/11/2004 0.071 1.2 0.24 1200 84.65
0.022 12 0.11 600 13.13

0.028 12 0.13 300 8.44

26/11/2004 0.080 1.2 0.26 600 47.73
0.046 12 0.18 300 13.75

0.011 12 0.07 1200 13.33

0.001 1.2 0.01 600 0.36

05/01/2005 0.003 12 0.03 600 1.87

0.002 12 0.02 300 0.51

0.001 1.2 0.01 300 0.18
Total 241.34

Shananir 2 Gauging Station
Discharge
Date Q(md) Length(m) | Hight(m) | Time(sec) Volume(m®)

17/11/2004 0.042 1.8 0.13 600 25.31

0.017 1.8 0.07 300 5.00

0.013 1.8 0.06 300 397

22/11/2004 0.063 1.8 0.17 600 37.85
0.024 1.8 0.09 600 14.58

0.020 1.8 0.08 600 12.22

26/11/2004 0.005 1.8 0.03 2700 12.63
0.063 1.8 0.17 600 37.85

0.013 1.8 0.06 300 397

0.010 18 0.05 600 6.04

0.005 1.8 0.03 1200 5.61
Total 165.02




Evaporation

Pat of the precipitation that is not obtanable, as surface runoff is known as
loses. The losses in precipitation are due to various causes, some of them
evaporation, trangpiration, and interception. Evaporation from water bodies
and soil masses together with the trangpiration from vegetaion is temed as
evgpotranspiration.

There are three generad methods commonly in use for measuring evgporation, which
ae manly indirect methods. measurement from evaporation pans, such as Class A
Pan, water budgets and corrections with climatic data (Experimental Formulas).

Evaporation pan (Class A Pan), is used in this study. To measure the evaporation rate
from a surface, the standard USA Westher Bureau Class A Evaporation Pan is the
most widely used method in Jordan The annua evaporation for the year 2004 ranges
from 2535021 mm at Wadi Dafai Catchment Area in the upper part to 2716.31 mm at
Mintar Catchment Area at the lower part (Fig. 4). The highest evaporation occurs in
Jduly, while the lowest occur in January (Table 4) (Appendix 2).

Sedimentation
The rae and quantity of water that infiltrates into the ground is a function of

il type, soil moisture, permesbility, ground cover, drainage conditions and
duration of ranfdl. It is wel known that when water reaches the surface of a
0il, a pat of it seeps into the soil. This movement of water through the soil
aurface is known as irfiltration and plays a dgnificat role in the runoff
process. Hence, infiltration isthe primary step in the natural ground recharge.

The sediment thickness & Wadi Dafdi in 2004 year were 36.8cm in Dafdi collection
and 52 cm in Dafdi soring. On the other hand mean of sedimentation volumes were
404.8 nt in Dafdi collection and 52 ni in Dafdi spring (Table 8, Appendix 2), while
no sediments were observed on Wadi Mintar.

The results of Seve andyses show that soils range from sany soils at the upper part a
Wadi Dafdi to sandy loam and sandy clay a the middle and lower pat a Mintar
Catchment Area.
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Table. 8. Sedimentation Ratesin the Reservoirs of Dams during 2004/2005

2 Mean of Sedimentation Mean Of.
No. Dam Area(m®) . Sedimentation
thickness(cm) 3
Volume(m?)
1 Dafall 1100 36.8 404.8
collection
2 | Dafali spring 1000 5.2 52
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Chapter two: Mapping the vegetation cover
In Humrit Al-sahin at Al- Salt.



I ntroduction

Vegetation cover which is defined as the verticd projection of plant materid onto the
ground when viewed from above, and expressed on an area badis, such as square
meters/ hectare or square feet/ acre Bonham (1989), were dudied from different
aspects during 2003-2004 years in Humrit Al-sahin research dation. A survey done
through the past two years using different procedures Line Intersect Method applied
in 2003 soring growing season resulted in 106 plant species belonging to 91 genera
and 23 family and the Randomly Quadrate Method that were applied in 2004 spring
and summer growing Season, aso some biomass measurements were taken al over
Hunmrit Al-sshin area and findly each plant species found were collected, preserved
and mounted to a voucher specimen and kept in the herbarium which established and
funded by the project.

M ethodology

1. Vegetation survey:
A complementary survey was conducted using the Randomly Quadrate Method usng

thefollowing procedure:

The whole area was divided into two main blocks depending on:

v' The phytogeographicd regions present there; the Sudanian
regions (aress with éevation below zero) and Irano- Turanian
regions (areas with eevation above zero).

Then in each main block other blocks were taken based on:

v Vegetaion pattern.

v Farming activities (Cultivated aress by the university)

v North or south facing.

v Road accessihility.

Then within each block 37 samples were taken based on the size of the block

(3 inthe smdl blocksto 7 in the large ones).
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The samples were taken usng 3x3 meters quadrates in the shrubs area
(phryganic ecosystem) , and 1x1 meters quadrates in the (grasdand
ecosystem) area.

Plant species were identified fully to the species level based on Hora
Pdaegtina

2. Biomass measurements
The following steps were done:

A number of representative quadrates samples were clipped in the field.

Dry weights of the clipped quadrates were obtained by oven — drying
samples a 105°C until they no longer lose weight.

The representative samples dried consst of everything clipped in a
Quadrate without any separation of species or drying the individud plant
aone.

The weght of water in the sample is the difference between the fresh
weight and dry weight.

The summation of water obtained from al quadrates will divide on the
whole sampled aea of Humrit Al-sshin to assess the biomass
(productivity) of the vegetation cover.

3. Herbarium

A herbarium was edablished in Humrit Al-sahin research station contains the voucher
goecimens of al plant species present in Humrit Al-sahin area and from many other
places in Jordan, specimens were prepared according the following procedure:

Plant specimens were collected.

Identify fully to the speciesleve

Pressed to get rid of the moisture present in the

plant by using a plant press.

Stick it to amounted sheet

Labd it (Figure 1).
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Fg. 1. Labe used for herbarium specimens.

Results
1. Vegetation Survey:

Flora of the surveyed area present in (Appendix 2, Figures (2 and 3). In the soring
and summer of the year 2004, we recorded 100 species belonging to 88 genera and 32
families (18 families not recorded in 2003). The best represented families were the
Compositae (17 Genera and 17 species), Gramineae (14 Genera and 16 species) and
Labiatae (7 Genera and 8 species. On the other hand, there are other families were
represented only by one species (Acanthaceae, Apocynaceae ,Capparaceae and

Rubiacese).
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2. Biomass M easur ements

Tablel shows the biomass vaues of Humrit Al- sshin vegetation cover in 2004 spring
growing season, the biomass vaues range between (2.62- 49.89) g/n? with an
average of 21.66 g/nt .

Table 1. Biomass Average rate vaues presented in g/n

Block no. Biomass Aver age Rate g/m*
1 11.35
2 7.85
3 3.96
4 6.29
5 8.99
6 4.50
7 1.57
8 5.46
9 2.62
10 11.59
11 27.49
12 18.40
13 47.44
14 49.89
15 24.41
16 43.45
17 23.65
18 33.33
19 14.46
20 27.38
21 21.27
22 41.89
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3. Gallery:

Appendix 3 shows some of the plant species that present in the Sudy area.

4. Herbarium:

Lig in Appendix 4 show that 373 plant species —collected from different places in
Jordan badcdly Hunmrit Al-sshin -  belonging to 221 genera and to 64 family were
kept in the herbarium, work ill in progress, many other species waiting preparation
and identification

Discussion
1. Vegetation Survey

Humrit Al-sahin represents an ecotone due to the intergradations of two
phytogeographical regions Figure 4). Ecotones are characterized by high plant and
animal diversity. Survey of the vegetation and flora of the study area in the period
(2003-2004) reveals the existence of 206 plant species classified in 153 generaand 41
families. The flora of this ecotone with a size of about 1000 hectares comprise around
8% of the plant species recorded from Jordan, 20% of the genera and 38% of plant
families as well from this we understand the importance of studying and conserving
such ecotones because of their high biodiversity. Mittermeier et al. (1998) stated that
threatened areas of exceptionally high biodiversity like ecotones needs careful

monitoring and conservation

Ecotones allow the opportunity to plant species from other phytogeographical regions
to grow in such as Vaccaria pyramidata Medik. and Adonis spp. that grows in
Mideterranian region and Pteranthus dicotomus Forssk. that grows in Saharro arabian

region.

In the survey of 2004, another 100 species were added to the total number of species
reported in 2003. This could be atributed to the fact that the survey of 2004 was done
in the spring and summer compared to the survey of 2003 which was carried out only
in the spring Al-Adamat (2004), this difference will naturdly give the chance for
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many species to grow. Many summe weeds like those beonging to the
Convolvulaceae family such as Convolvulus dorycnium L., C.arvensisL and C.
althaeoides L that were flowered from May to August, April to October and May to
September respictivelly were collected Flora paedina (1978). These findings are in
agreement with Smith and Ruyle (1991), who found that time of sampling is one
factor that affect rangdand inventory or monitoring programs because of seasond
fluctuations

Saharo-Arabian

. Mediterranean

Hg. 4. Map showing the four phytogeographica regions in Jordan (Al-Gharaibeh,
2005).

The methodology used in 2004 soring and summer growing season (Randomly
Quadrate Method) covered lager aea and the blocks taken were more
comprehensive, therefore the chance to find a species is better whereas the method
applied in 2003 that is Line Intercept Method Al-Adamat (2004) was restricted to
certan andl areas, aso the plant species intercepted to the line only put into our

consderation.



According to Egli (1991) and Menjli (1994) Humrit Al-sshin  contain two types of
ecosysems phryganic and grasdand ecosysems Al-Adamat (2004), this variation
might cause this number of plant species survive there.

Compositae  was the most dominant plant family (17 Genera and 17 species ) in 2004
goring and summer growing seeson, that might be because of the environmenta
condition preval there are highly adgpted from the member of this family, this wasin
agreement with Luis et d. (2000) who dated that the different performance of plant
species may become as aresult of environmenta condition prevail upon plant species.

Compositae dominance in the area could be attributed to their characteristic plumed
fruits explains the high percentage of pogonochore type of diaspore. Most of
Compositae family members produce a large number of mesophyte plumed minute
achenes. This explains the dominance of this family in most studies carried in Jordan
especialy in arid areas (Boulos and Lahham, 1977; Boulos, 1977; Boulos and Al-
Eisawi, 1977).

Gramineae (14 Genera and 16 species) was the second most dominant plant family
after the Composite, that could be due to the fact that grasses have a phenotypic
pladticity respond highly to severe conditions.

The increase in the protection period provides more insurance for plant species to
grow Hatough et a (1986) stated that the protection of eastern Jordan reserve led to
increase in the number of species and caused microclimate modification.

2. Biomass M easur ements

Biomass is one of the most commonly measured dtributes in range inventory or
monitoring programs. Biomass data may be collected on an individua species basis,
as gpecies groups, or as a totd weght for the vegetation. Units to express biomass
should be sdected s0 that actud plant weight is easy to visudize, such as Ib/acre,
kg/ha or g/nm? according to vegetation abundance and objectives of the inventory or
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monitoring program Bonham (1989). Species composition may aso be cadculated as
the contribution (percent by weight) that each species makes to the total biomass.

Biomass vaues were ranging from (2.62- 49.89) g/n? with an average of 21.66 g/nt,
these values may reflect many indicators concern the management of the rangeland.

The lowest vaues were present in the blocks studied in the Sudanian region (aress
below zero leve) where in fact poor vegetation cover found and if it is present plant
species become sunted, this could be due to the different environmenta dtresses
present there such as the high temperature and low rainfal prevail that affected the
period of plant growth and cause a shortening in the life cyde.

The high vaues present in the phryganic ecosysems which is dominated by the
ghrubs and other plant differ in the Sze from the annuals spread in other blocks.

3. Herbarium

The herbarium, which becomes the repodtory of the specimens and notes
permanently preserved, is a growing source of information about the vegetation of the

area, and may represent the flora of a continent or more Porter (1966).

This achievement was not asked to be done as a task from the project tasks, but it was
necessary to do it because it becomes an evidence of the presence of plant species
recorded, and aso used as a reference. Therefore dl plant species collected from
different places in Jordan bascaly Humrit Al-sahin were preserved in the herbarium.

373 plant species bedonging to 221 genera and to 64 families were kept in the
herbarium, until the moment of writing this report. Work ill in progress and many
other specimens will be kept in the herbarium and will be processed in the coming
few months.
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I ntroduction

Humret Es-Sahin watershed area extends from the western part of AL-SaAt near Kufur
Huda to King Abdullah Cand (KAC) in the Jordan Vdley. It is un populated area and
includes many hills. Many dendrites wadis are also present in the area such as Wadi
Shananir, Wadi Um-Butmah and Wadi Dafdi. The dope of these wadis is directed
from northeast to southwest (NE-SW) to reach King Abdullah Cand (KAC).

The area shows an ovad shape with its longest axis in the east to north (E-N) direction.
The devation increases from 200 m below the mean sea level near KAC up to 142 m
above the mean sea levd a Rujm El-Mintar and to 437 m at the upper northern part
of the area near the main road. The dope reaches about 8 percent in most of the aress,
but it exceeds this vdue in many areas such as EL-Hawieh and wadi Shananir where
it reaches about 20%. Many springs are located in the area such as: Ain Shananir and
Ain UM Taneh. All these sorings are contact-fault springs discherging their water
from the sandstone.

These specia watershed characteristics, mainly the steep dop; cause the runoff from
ranfal water to be very fast (reach the out let of the watershed in short period of
time), which will led to eroson of soil in this area, removing of nutrient from the soil
surface with runoff weter, and a reduction in soil Storage capacity since the infiltration
rate is low. All of these will effect on the avalability of water and nutreient for plants
in this area. Also the springs disharge in this area will be reduced causing further
problem, and the ground water recharge will affected too according to the previos
reasons.

Frda thinking of a solution for these problems require studying the amount of runoff
expected in the study area based on the available watershed characteristics data and
meteorologica data. Then based on the results, a suggestion solution to be raised.

So, the watershed modeling systems (WMS) will be used for studying Humret Es-
Sahin area, which is a comprehensve modding carying the hydrologicd and
environmental watershed analyss, developed by the environmental modeling research
laboratories of Brigham Young Universty in corporation with U.S Army corps of
engineer’ s waterway's experiment station.

The sdlection of this model based on: (1) the objectives of this study.(2) the watershed
characterigics for the dudy aea dnce the modd give the benefit of usng
interchangegble watershed parameters to get the same results.(3) the limitation of the



avalability of data snce the hydrologicd data for this area is not for longer time.(4)
limited project budget for data collection and andysis(5) aso this mode can be used
for smdl sub basins and large complex watershed.(6) the smulation of watershed
runoff and stream flows in this model can be obtained esslly from historical or design
ranfdl.(7) And the smplesty and high speed in obtaining the resuilts.

Also WMS provides (1) complete graphica inteface of HEC-1 (Hydrologic
Engineering Center, Flood Hydrograph Package-1), HEC-HMS (Hydrologic
Engineering Center, Replace HEC-1), TR-20 (SCS Technicd Reease 20), TR-55
(SCS Technicd Reease 55), rationd method, and other hydrologic routing models.
(2 Automaticdly generate a HEC-1, HEC-HMS, TR-20, TR-55 or rationa method
modd. (3) Compute the resulting runoff hydrograph. (5) Display the runoff modeling
result in a vaiety of grgphica plots such as this comparison plot showing
predevel opment and post devel opment characteristics of the proposed sub division.

Usng digitd terran data as geographic information sysem daa (GIS) it can
automatically ddineate a watershed and sub basins of the ddineation process, basic
data such as area, dope, mean devation, maximum flow disance and many other
commonly used hydrologic parameters as curve number (CN), rainfal depth,
roughness coefficient, etc.

The diginguishing difference between WMS and other application designed for
gtting up hydrologic modds like HEC-1 & TR-20 is its unique &bility to take
advantage of digita terrain datafor hydrologic model development.

Litreature Reviews

In the past century, different sudies were done using manua mode techniques or
computer modeling techniques. Some of these have been published in the literature.
Shanholtz, and et.d, (1972) used FORTRAN verson of Stanford watershed modd,
without snowmelt, to generate stream flow data on 2-smal agriculturd watersheds.
Five years of recorded data were used to calibrate the modd after which 5 additiond
years were generated usng the model parameters developed for the firgt period. The
four most important parameters were: (1) interflow index (CC), (2) infiltration index
(CBI), (3) lower zone sorage index (FLZSN) and (4) an infiltration-evaporation
index (EF) for goplying a seasond vaiation to infiltration. They found that the annua
water yidd estimates appeared to be within measurement accuracy while estimates of



shorter periods tends to be less accurate and the maximum mean daly pesk
discharges were somewnhat erratic.

Houck (1982) used mathematica programming models for red time reservoir
operation. Five-different types of the objective functions used in the mode some
require trail and error and some not. He found that two types were clearly superior to
the others and not require trall and error fitting. Those can operate a reservoir system
ether when correct benefit and loss function defining the effect of operation are
avalable or when only descriptions (in the form of cumulaive digtribution functions)
of desirable physica operations are available.

Yomtovian (1982) illugrated that smplified computationd techniques of hydraulic
andyss used to delineste flood plains with acceptable degree accuracy. The results
indicated tha when both the dmplified manud and complex computer hydraulic
computational techniques are gpplied to 3-creeks Apple, Burnt and Hay-in North
Dakota the flood plain boundaries computed by both methods are preferred for
determining the 10 tol00 years flood evauation. The mathematicdl modd such as
HEC-2 or the nationd weather service Dam Breat mode, are recommended for the
detailed studies which require an accurate knowledge of the flood devations.

Shatanawi, and et.a. (1999) Showed that quantification of the water budget for Zarga
River basn on average of 73.73% from annud rainfdl evepotranspired, 21.2%
infiltrated and 3.86% appeared as direct run off. An gpplied hydrologicd models were
peformed to modd the rainfdl-runoff reaionship for Zarga River basn 3-lumped
integrd modds based upon the concept of the unit hydrograph were applied to
andyze the rainfal—unoff reationship on daly bass These modds are smple linear
modd (SLM), the linear variable gain factor modes (LVGFM) and the non-linear
models (NLM). The results demondrated that the linear assumption is vaid only for
the firs 2- antecedent days.

The smulation result shows acceptable applications for the LVGEM in terms of
amulaing runoff eventsin time of its occurrence and volumetric fitness.
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Objectives
The main objectives of this Sudy are;

(1) To dudy the watershed characteristics such as watershed size, dope(s),
shape(s), land cover and land use, etc.

(2) To deermine sub basn hydrograph and channe routing using different
methods. And to cdibrate the used methods usng the historicd rainfal, stream
flow, and existing watershed conditions.

(3) To evauate the usefulness of the model and to comment on needed changes or
modifications.

All of the required data will be obtained from the records of Prince Tasnim Bento
Ghazi Metrologicd Station for Technicd Resarches in Al-Badga  Applied

Universty.

Equipment
Watershed modeling sysems (WMS) requires PC Pentium with 8 MB RAM
and R12 or higher.
Rainfdl gations data
Runoff stations data
Class A Pan for evapotranspiration data

M athmatical Reviow

Water budget:

This method condsts of drawing up a bdance shet of dl the water entering and
leaving a particular catchemnt or drainage basin. Then the water budget could be
cdculated by the following formula (4):

P+ Rn—Rout + Rg—Es—Ts =?Ss (1a)

Where P is the tota precipitation; R, is the surface water inflow; Ry is the surface
outflow; Ry is the ground water inflow to the surfece; Es is the evaporation from the
aurface; Ts is the transpiration from the surface, and ?Ss is the change in surface
storage.

In order to quantify the water budget for Humret Es-Sahin area, the above equation
will be smplified according to the following assumptions



1. The flow components Rin, Rout ad Ry will be combined in R as direct runoff
only.

2. The evaporation component E and transpiration component T are combined as
evapotranspiration ET.

3. The storage component ?Ss does not change during the year, implying that
?Ss = 0 because of high runoff due to step dope.

The surface hydrologica budget of equation (1a) is then reduced to the following

form

P=R+ET+I (1b)

Where P is the ranfdl; R is the direct runoff; ET is the evgpotranspiration and | is the
infiltration. All terms are in million cubic meter (MCM).

To determine the water budget for Humret Es-Sahin area in accordance with equation
(1b), the monthly rainfal for esch dation and runoff volumes will be caculated for
each year in the records. The gpproximation of actud evapotranspiration will be
edimated by dividing the areas into polygons usng Theissen polygon method. The
potentia evapotranspiration from each polygon will be assgned to the nearest station.

The irfiltration will be determined by subtracting the monthly runoff and monthly
evapotranspiration. If the infiltration is negative, then the evgpotranspiration will be
adjusted 0 thet the negative infiltration vaues are diminated.

Peak flow, Hydrograph and Routing estimation
Rationd method is generdly conddered to be gpproximate mode for computing the
flood pesk resulting from a given rainfadl, with the runoff coefficient accounting for
dl differences between the rainfdl intendty and the flood pesk. Such differences
result from infiltration, temporary storage and other losses.

Therationd method is given as (5):
Q=kCiA (3)
Where Q is the peak flow in cubic meter per second, Kk is conversion factor = 1.008, C
is dimendonless runoff coefficient, i is the ranfdl intengty in mm/hr, and A is the
catchemnt areain hectares.
Due to the assumptions regarding homogendty of rainfal and equilibrium conditions
a the time of pesk flow, the rationa method should rot be used on areas larger than
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about 1mile’ without subdividing the overal catchemnt into sub catchemnts including
the effect of routing through any drainage channels.

The WMS indudes an inteface to the rationd method, which can be used for
computing peak flows on smdl urban and rurd watersheds. The interface includes the
cgpability to combine runoff from multiple basns. Two different methods will be
used to determine the peek flow /Hydrograph a down stream confluence. They ae
The rationd method and time of concentration method.

The equation used to compute the time of concentration from basn geometric
parameters is the kinetic wave equation (4):

T.=k L%6n06/j 04 03 (4)

Where T; is the time of concentration (hr), L is over land flow length (ft), n is
Manning's roughness coefficient, i is the rainfdl intengty (infhr), and S is the average
dope of the over land area (ft/ft), K = 0.93.

Traditiondly the time of concentration is determined at down stream confluence by
determining the longest combination of time of concentraetion and routing travel time.
Give a time of concentration for the outlet, rainfal intendty can be determined from a
ranfdl-intengty-duration curve and peak flow can be computed.

The hydrograph for the confluence will be determined in the same manner they are
determined for sub-basins, by using the pesk flow, time of concentration and a
dimensonless Hydrograph.

Alternativedly, hydrographs for the sub-basns can be computed and the routed
(lagged) and combined by summing of the confluence points. When using this method
detention basn may be defined a confluence points in order to determine the effect of
Storage on the computations.

All the computations for pesk flows, hydrographs, and routing will be caried out
within WMS.

M ethodology

Five rain gauges will be sdected as fixed network from the records of Prince Tasnim
Bento Ghazi Merologicd Station for Technicad Researches in Al-Baga Applied
Univergty. The aea of influence for each ran gauge to be determined involving
Thiessen method. The sdected ran gauge will have complete records or can be
completed for five hydrologicdl years containing al essentid information and
historical records that occurred during the period of 1999 to 2004. The interpolated



ranfal depth a any dation will be determined as weighted average of the reciprocas
of the sums of the squares at distances of the other nearly dtations as in the next
equation:

Po= (palr’a + Palr’g+ PIrPo)l(Ur?a + Ur?g +1r%c) (5)
Where:
Pp: the precipitation &t the required station.

Pa , Ps, Pc: the precipitation at the near stations (Sation A, B, and C).

ra s rc: distances of the other nearly ations (A, B, C).

The methodology of this study based on the chosen modd. Once the modd is
sected, the geps involved in watershed Smulaion andyss follow the next

sequence:

Obtain dl necessary input data-ranfdl, infiltration, land use and land cover,
channd chaacteridics, stream  flow, desgn floods, soil type, percent
impervious, Sze, shape, and dopes of watershed.

Evaduate and refine sudy objectives in terms of smulaion to be performed
under various watershed conditions.

Choose methods for determining sub basin hydrograph and channe routing.
Cdibrate methods usng hidoricad ranfal, sream flow, and exising
watershed conditions. Verify mode usng other events under different
conditions while maintaining same cdibration parameters.

Paform modd dgmulation usng hidoricd or desgn ranfdl, various
conditions of land use, and vaious control schemes for channds or
diversons.

Peform sengtivity andyss on input ranfdl, routing paramees, and
hydrograph parameters as required.

Evduate ussfulness of the modd and comment on needed changes or
modifications.

Generdized the modd on smilar watersheds

41



References:
Houck, M. H, Red time reservoir operation by mathematica programming,
water reservoir research, vol.18, No .5, P (1345-1351), 1982.
Shanholtz. V.O, JB. Burford and JH. Lillard, Evaugaion of a deterministic
modd for predicing Waer yidds from smdl agriculturd watersheds in
Virgina, resserch Divison Bulletin 73, Virginia, 1969.
Shatanawi. M.R, M.E. Rahbeh and A. AL-Kharabsheh. Rainfal-runoff
relationship and water budget for Zarga River basin, Dirasat, agricultura
science, Vol.26, No.1, 1999.
Viessman. W and G. L. Lewis, Introduction to hydrology, 4" edition, Addison
Wedey, Longman, 1995.
Wilson, E.M. Engineering hydrology, 4" Edition, ELBS, Hong Kong, 1990.
Yomtovian. D. Ford. Hood plan andyss amplified vs. complex methods. A
case study, Water Resources Bulletin, Vol.18, No.2, P (259-263), Apr.1982.
http//: www.bossntl.com/html/Awms_detailshtml.

4?2



University of Jordan
Faculty of Agriculture

L and suitability for water harvesting and soil water

conservation at Humrat Al-Sahin area.

Supervisor:
Prof. Dr. M ohamed Shatanawi

Co-supervisor:
Dr. Rida AFAdamat

By:
Talal Sh. Al-Fawwaz

2005



Introduction

Jordan is suffering from shortage of water and this shortage arises from many factors
such as low rainfall with uneven distribution, high losses due to evaporation and
runoff, increased demand on water due to population growth, and climatic change in
the area. The annual rainfall ranges from 600 mm in the northwest highlands to about
50 mm in the eastern Badia which covers about 91% of the area. The average annual
precipitation volume is about 8500 MCM (million cubic meter) 92% of which lost by
evaporation, and the rest goes for groundwater recharge and surface flows in valleys.
Therefore Jordan water resources are completely dependent on rainfall. This means
that utilization of surface water is very important for the different purpose. Different
techniques such as water harvesting should be used to overcome the shortage of water
and increases the efficiency of water use,

The term water harvesting is used to describe the process of collecting and storing
rain water for later beneficial use from an aea that has been modified or treated to
increase precipitation runoff. The collected water can be used for most purposes but it
usually thought of in terms of drinking water for livestock and domestic uses or for
growing the plant (Frasier, 1988).

Soil erosion is the most significant ecological restriction to sustainable agricultural
production on steeplands. Unsustainable practices on steep slopes pose a series of
problems, such as flood and siltation, for downstream portions of the watershed.
(Pimentd et al, 1995)

The study area (Humrat El-Sahen) has high slope area about of 8 percent in most of

the areas and the runoff coefficient is about 0.25 (Al-Khrabsheh, 2000). That means



25% of rainfall are lost as runoff. Many trees were planted at steeping area and
irrigated by drip irrigation system. If the runoff water collected and stored in the
vicinity of the treesroot zone it will help reducing the water shortage problem.
The utilization of water resources in this area should be based on the potential
auitability of land in order to evaluate the suitable sites of water harvesting and
minimize the soil degradation by selection of proper techniques of soil conservation to
reduce amount of runoff.
The general objective of the study is an improved agricultural production in the study
area using (GIS) and remote sensing which increases efficient utilization of rainfall
through proper water harvesting planning. Specific objectives include:
1) ldentification of potential areas which are suitable for given methods of water
harvesting.
2) ldentification of potential areas which are suitable for given type of soil
consarvation techniques with it is suitable land use.
3) Study the effect of soil conservation techniques and water harvesting
technique on the amount of runoff.
Literature Review
Water harvesting is the collection and concentration of runoff water for the production
of food crops, pasture and trees, for livestock or domestic purposes. All water-
harvesting systems comprise catchments (sources of water) areas and storage
components.
The most important factors to be taken into consideration in establishing a water
harvesting project are rainfall distribution and intensity, runoff characteristics of the
catchments, soil depth, physical properties of cultivated area, reservoir capacity,

socid and economic condition of farmers (Shatanawi, 1995).



In semiarid regions and steeping lands, micro-catchments of various types can be built
to reduce and collect runoff and increase infiltration along the slope. These micro-
catchments commonly consist of diamond and semi-circular or crescent-shaped earth
bunds constructed along the contour line. Water is impounded behind the bunds to the
level of the contour, and eventually overflows to spread down into the next lower tier

of the bunds (Finkel 1986).

The most important parameters to be considered in identifying areas suitable for rain

and floodwater harvesting are as follows:

a) Rainfal: the knowledge of rainfall characteristics (intensity and distribution) for a
given area is one of the pre-requisites for designing a water harvesting system. The
availability of rainfall data series in space and time and rainfall distribution are
important for rainfal-runoff process and also for determination of available soil

moisture,

b) Land use or vegetation cover: vegetation is another important parameter that affects

the surface runoff. From the studies in West Africa (Tauer & Humborg 1992) and
Syria (Prinz et al, 1999) proved that an increase in the vegetation density results in a

corresponding increase in interception losses, retention and infiltration rates which
consequently decrease the volume of runoff. Vegetation density can be characterized
by the size of the area covered under vegetation. There is a high degree of congruence

between densty of vegetation and suitability of the soil to be used for cropping.

¢) Topography and terrain profile: the land forms aong with dope gradient and relief
intensity are other parameters to determine the type of water harvesting. The terrain

analysis can be used for determination of the length of slope, a parameter regarded of



very high importance for the suitability of an area for macro-catchments water
harvesting. With a given inclination, the runoff volume increases with the length of
slope. The slope length can be used to determine the suitability for macro or micro- or

mixed water harvesting systems decision making (Prinz €t al, 1999)

d) Soil type & soil depth: The suitability of a certain area either as catchment or as
cropping area in water harvesting depend strongly on its soils characteristics viz. (1)
surface structure; which influence the rainfall-runoff process, (2) the infiltration and
percolation rate; which determine water movement into the soil and within the soil
matrix, and (3) the soil depth incl. soil texture; which determines the quantity of water

which can be sored in the sail.

e) Hydrology and water resources. the hydrological processes relevant to water
harvesting practices are those involved in the production, flow and storage of runoff
from rainfal within a particular project area. The rain falling on a particular
catchment area can be effective (as direct runoff) or ineffective (as evaporation, deep
percolation). The quantity of rainfall which produces runoff is a good indicator of the

suitability of the areafor water harvesting.

Water conservation methods, often referred to as in-situ rain water harvesting; include
activities such as mulching, deep tillage, contour farming, terraces and ridging
(Habitu and Mahoo 1999). Conservation technologies can reduce soil and nutrient
losses, and in this way preserve water holding capacity and soil fertility, and make
possible sustainable crop production. In many instances, the use of conservation
technologies may increase crop yields by 50% (Pimented et al, 1995.). In steep land
farming, physical structures such as rock barriers, contour bunds, waterways

(diversion ditches, terrace channels and grass waterways), stabilization structures
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(dams), windbreaks, and terraces (diversion, retention and bench) are often necessary

(Morgan 1986).

Land use/ land cover information is the basic pre-requisite for land and water
resources utilization, conservation and management. The information on land use/land
cover available today in form of thematic map based on electro magnetic energy from
the sun which is reflected scattered or emitted by different surface feature on earth.
Earth feature such as water, forest, exhibit, typical spectral response pattern that

endble for target identification.

A land suitability evaluation is caried out based on some critica land qudity
parameters, which determine the suitability of the land for a certain use (Chen €t al,

2003). The framework for land evauation developed by the FAO has over the years
become a much utilized basc sysem for assessng the current and potentid suitability
of different land use dternatives (FAO, 1976). In a project which ams a usng the
FAO sysem, one of the most important issues is to determine which land properties
(land qudities and land characteridtics) are most limiting for production. The criteria
for rating the limiting biophysicd land propertties have manly been devdoped from
measurements and calculations. The properties chosen depend on the time dlowed for
the project, its scae (dze of the project area and intendty) and finance. In order to
reduce cods, messurement ae often limited to a minimum and much of the
establishment of criteria ranking is based on results from other areas of a amilar kind
and on the experience of the survey team. For each property chosen an error may be
introduced when extrgpolating the results on the three — dimensona modd (maps).
The sum of the errors for each property may, in turn, result in a more or less uncertain
find suitability evauaion (Messing and Hoang, 2001).

Owis et al, (1995) found that about 12% of the target land area (AWNA-Aleppo) is
not suitable for any type of water harvesting. However, about 68% is found generaly
suitable, out of which 24% is favorable for the application of a macro-catchments

water harvesting system.



Geographic Information Systems can be defined as computer based tools that display,
store, analyze, retrieve, and generate spatial data. GISs are being more and more

involved in hydrology and water resources and showing promising results.

A watershed is defined as a catchment basin, which is delineated topographically and

drained by a stream system; it is a hydrological unit used for the planning and

management of natural resources (Brooks €t al, 1997).

A Digital Elevation Model was used to modd the effects of land topography in the
watershed delineation by identifying the streams, flow direction and a catchment

perimeter or that portion of the land that affects a given outlet (Maidmont, 1993).

One method of transforming the rainfall volume into runoff volume is the US
Department of Agriculture, Soil Conservation Services (SCS) runoff curve number
(CN) method (SCS, 1972). This method is known for its smplicity. The CN is an
index based on physical parameters of the watershed. It can be applied to gaged as
well as ungaged watersheds. This method is able to reflect the effect of changes in
land use on runoff. The CN is determined from a combination of land use and soil
runoff potential (hydrologic soil group). CN values range between zero and 100. A
value of 100 indicates that al rainfall is transformed into runoff (no abstractions),

whilefor CN equal to zero, no direct runoff is generated.

General Description for Study Area
The study area extends from the western part of AL-Salt near Kufur Huda to King
Abdullah Canal (KAC) in the Jordan Valley. It is unpopulated area and includes many

hills. Many dendrites wadis are also present in the area such as Wadi Abu El-shananir,
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Wadi Um-Butmah and Wadi Dafali. The slopes of these wadis are directed from NE
SW to reach (KAC).

The area shows an oval shape with its longest axisin the EN direction. The elevation
increases from 200 m below the mean sea level near KAC to 142 m above the mean
sea level a Rujm e-Mintar and 437 m at the upper northern part of the area near the
main road. The slope reaches about 8 % in most of the areas, but it exceeds this value
in many areas such as EL-Hawieh and wadi El-Shananir where it reaches about 20%.
Many springs are located in the area such as: Ain UM ElShananir and Ain UM
Taineh. All these spring are contact-fault springs discharging their water from the

sandstone.

Dafali Catchment Area

Wadi Dafali Catchment Area is located at the eastern part of the Jordan Valley
between the grids 373,600 to 375,100 East and 551,100 to 552,410 North (Fig. 1).
The generally oval shaped area with its longest axis in a NE-SW direction comprises
about 1.6 knm2. The longest wadi extends for 2 km and dips in the direction of the
springs. The catchment area is characterized by a dendrite drainage system, with
highest elevation at 435 m above sea level at the north and the lowest point at 250 m

in the south. The dominant agquifer system is the Kurnub Sandstone.

M ethodology
Methods:
1- Identification of suitable sites of water harvesting

1- Land evduation will be done according to FAO framework for land
evauation (FAO, 1976). Digitd soil map of 1:50000 scales produced by the
nationd soil map and land use project of the minisry of agriculturd, (1993)
will be used and loaded in Arciview-GI S software.



2- Theland utilization types will be used:

1- On-farm water harvesting for tree crops.

2- On-farm water harvesting for forage shrubs or improved range

3- Runoff aress.
NSMP aggregated required land qualities and their land characterigtics into five main
groupings. Climate, Soil, Eroson, Topography and Rockiness. The requirement of
each land utilization type will be compared with land attributes derived from each
land-mapping unit, resulting in the land suitability cdasdficaion for each use, based
on classfication gpproach of the FAO framework for land evduation. In this step a
Geographic Information Systems (GIS) will be used in order to integrate the data
from different sources into one coherent whole. Point in polygon analysis will be used
to undertake the suitability andyds. GIS will be dso used to produce land suitability

maps.

2-ldentification of potential areas which are suitable for given type of soil
conservation techniques

The FAO criterion of soil consarvation techniques in humid region will be used to
slect the suiteble ste of different type of soil consarvation techniques. The GIS will
be usad to measure the dope divison according to the criteria needed for dl type of
techniques. Match the bnd use and land cover of the study area with the land use of
every type of terraces and for unused land give the suitable ste of terraces with it land

use.

3- Study the effect of soil conservation techniques and water harvesting technique on
the amount of runoff
1- Dedineate the Wadi Dafdi Catchment which locate in the sudy area by WMS
(water moddling system) using contour map with scde 1:5000 to find the
boundaries of catchment.
2- Clasdfication of hydraulic soil group (HSG's) according to ther minimum
infiltration rate. Digitd soil map of 1:50000 scaes produced by the Nationd
Soil Map and Land use Project of the minisry of agriculturd, (1993) will be
used and loaded in Arciview-GI S software.
3- Digitd Landsat Enhanced Themaic Mapper imageries teken from different
dates will be used to derive the land use/ land cover maps of the watersheds.
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4- FHdd surveys will be conducted for different geographic dtes dong the entire
watershed to identify some land use/ land cover classes such as urban,
agriculturd, wetland, road and others.

5- The curve number CN will be obtaned from standard tables of Sail
Consarvation Services (SCS) for different combinations of land use and land
cover, soil hydrologic group, trestment, and condition.

6- Measured the amount of runoff usng the equation:

o RP=LY
L

Where:

Pistheranfal depth (mm).

Peis the depth of excessrainfdl (mm).
laistheinitid adractions (mm).
Sisthe volume of totad storage (mm).

la= 0.2S
25400
ON

S — 254

Where CN is the curve number.

7- Estimate the amount of runoff after we change the land use for every of
technique of water harvesting and conservationusing WM S and compare them by
the real amount of runoff.
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2004 Annual Progress Report- Middle East Water shed
Monitoring and Evaluation

1. Progress
Watershed Level Monitoring
Erosion and sediment monitoring:

The primary objectives for monitoring in the Upper South Platte watershed for 2004 were
to: (1) continue monitoring Site conditions and sediment production from the exigting
control and thinned Sites; (2) continue monitoring road segment conditions and sediment
production from roads in burned and unburned aress; (3) establish Jenny Gulch for
monitoring the effects of thinning on ground cover and sediment production; (4)

determine the effect of forest thinning on soil moisture; and (5) determine the effect of

litter cover on sediment production.

In each site an Onset or a Global Water tipping bucket rain gauge with 6-inch collection
openingswasingdled. Datawere screened for quaity control and bounce back tips
were eliminated. Corrected data were analyzed usng RF, atool for caculating the
Revised Universad Soil Loss Equation (RUSLE) R factor (Petkovsek, 2005). Individua
storms were defined as being over 1 mm of precipitation and were separated by a 60-
minute period with no precipitation. Outputs from RF included storm depth, maximum
30-minute intengity, energy of rainfdl, and totd erosivity, which was caculated using
Brown and Foster (1987) energy equation. Thirty (30)-minute ranfdl intendties were
classfied into recurrence intervals usng Hershfield (1961).

Swales were sdlected at each Site based on the presence of three main criteria: (1) wel-
defined boundaries; (2) dopes between 10 and 40 percent; and (3) presence of a proximal
swaeto beused asapair. After the qualifying pairs where chosen, one was randomly
selected for trestment. The controls were protected from the thinning operation while
treated swales were left unmarked.

Independent swale characteristics such as area, gradient, aspect, and ground cover
composition were measured. The areas of the swaes were determined with ameasuring
tape and evenly spaced transects. The primary and secondary gradients were determined
with the use of a handheld clinometer, and the aspects were determined with a compass.
Ground cover was measured with the use of point-counts and an adaptation of the method
established by Parker (1951).

Ground cover differences between treated and control swales were tested prior to
thinning, within one year of thinning, and within two years of thinning between
controlled and thinned swaes. The difference in ground cover between years was not



tested due to the large difference in precipitation, which greatly affected the amount of
vegetation present on the ground. Prior to 2003 ground cover measurements were
separated into bare soil, litter and downed wood, rock, and vegetation. The 2003 to 2005
ground cover measurements were separated into the same categories with the exception
that litter and downed wood were two unique classes. Ground cover data were not
available for Denver Water and Jenny Gulch stes prior to thinning due to the lack of
preparation time before thinning.

The percent of ground disturbance for each swale was recorded after the mechanical
thinning. Thiswas determined with a point-count method conducted concurrently with
ground cover survey. Each point was classfied as severdly disturbed, moderately
disturbed, or undisturbed, smilar to the classes used by Heede (1986). The severely
disturbed classincluded any point that had soil displaced by machine tracks, tires, feet, or
any other mechanica means. The moderately disturbed class included any point that had
litter added or removed, but did not appear to have disturbed soil. The undisturbed class
included any point that had natura ground cover and soil that had not been changed by
mechanica means.

Sediment production from each swae was monitored through the use of sediment fences,
amethod modified from Dissmeyer (1982). Sediment trapped by the fences was
manualy removed and weighed, a sample was taken from each bucket of sediment and
placed in an airtight bag, and this sample was weighed and dried at 100 °C for 24 hours.
The moisture content of the sample was then used to normaize the mass of the sediment
removed from the fence to obtain dry sediment mass.

Soil moisture was measured in three swale pairs in Bear Mountain and two swale pairsin
Jenny Gulch over the summer-2004 with the use of atime domain reflectometry probe
(TDR). Threefive-centimeter prongs were chosen for the TDR probe to make probe
insartion into the coarse soils possible. The moisture was monitored  fifty pointswithin
each swale. These points were marked by ground flags place in five transects. The
measurements were taken from a different side of the ground flag on June 13, July 8,
July 27, and August 24, 2004 to prevent disturbance of the soil column.

The data were anayzed for significance between control and treated swales,
measurement dates, transect locations, and eevation of measurement point. Andysiswas
done using amixed model in the datistica program “SAS'.

Three swae pairs a the Trumbull site were used in the litter manipulation study. Ground
cover counts were performed on the swales. One swale from each pair was randomly
selected, and litter was removed using plastic lawn rakes and large geo-textile fabric bags
in June 2004. Live vegetation was not removed and downed logs were l€eft in place.
Litter was placed into bags, weighed, carried outsde of the swa e boundary, and dumped.
Samples were taken to correct for moisture content. Cover counts were performed again
on the denuded swales to measure the difference in cover. Sediment fences were
previoudy ingtdled at the base of the swaes and were |eft to measure the differencein
sediment production between the control and denuded swales.



In summer 2004 the contributing area and percent cover of the contributing road area
were re-measured for the exigting sites with sediment fences. This was done with point-
counts and measuring tapes smilar to the method used for the swales. At the sametime
the functiondity of the fences was assessed and nonfunctiond road fences were
abandoned or replaced. No new fenceswereingalled in 2004. Eroded sediment from
the segments was measured with the same method as the swales.

Results

Mechanicd thinning was conducted a five different sites, mostly during the winter
months over afour-year period. In 2004 there were 20 thinned and 20 control swales
monitored (Table 4). Thinning was done by a Hydro-Ax, which isalarge skidder with a
rotating blade attachment. These meticate trees leaving smal chip particles and large
log particles. On four Sitesthe Hydro-Ax ran on rubber tires either with or without
chains. The Hydro-Ax used on the Denver Water Ste had caterpillar tracks,

Swde sze varied between swale pairs and between Stes. The largest average swae area
was at the Spring Creek site (6500 n) and the smallest mean areawas a the Trumbull
site (940 n¥). Swale dopes dso varied from pair to pair as the steepest swale had a ope
of 55% and the flattest was 10%. The Kelsey swaes were destroyed from the thinning
process. Some of these control swalesin Kelsey were thinned and some treated swales
were not completely treated. Asaresult Kelsey was not monitored after thinning.

The only sgnificant change in ground cover over the entire study after thinning was an
increase in wood cover. Prior to thinning there were no significant differencesin ground
cover between the control swaes and the swales designated for thinning at the (p>0.05).
Thinning increased the amount of surface cover due to wood from 3.6% to 6.7% within
one year after thinning, and this difference was sgnificant a p=0.05. The thinned swales
gl had sgnificantly more wood cover two years after thinning. If the data are analyzed
by study areathe Trumbull and Denver Water sites had no sgnificant differencesin
ground cover prior to thinning, while the Bear Mountain site had sgnificantly more wood
cover in the control swales than in the thinned swales (p=0.034).  After thinning the
percent wood cover was significantly higher in the thinned svaes in Trumbull, Denver
Water, and Spring Creek, but not at Jenny Gulch (p=0.079). At Bear Mountain thinning
changed the sgnificant difference in wood cover to an inggnificant difference showing

an increase from pre-thinning (p=0.891). Jenny Gulch wasthe only ste that had
ggnificantly less vegetation on the ground in its thinned swaes than the control and this
difference disgppeared when combining it with other sites (0.006).

The trested swales had significantly more severdly and moderately disturbed area than

the control swales (p=0.003 and 0.001). The control stes had asmal percentage of
moderately and severdly disturbed area at 7.8% and 5.8%. In contrast, the thinned swaes
hed roughly four times the amount of moderately and severdly disturbed area at 32.6%
and 21.3%. The disturbance on the control swaes was caused by either humans or animal
tracks, or debris thrown by the Hydro-Ax. If the data were analyzed by study area, dl



aress had sgnificantly more severdly and moderately disturbed areain the thinned swale
than in the control swale except Bear Mountain which did not have sgnificantly more
severdy disturbed areain the thinned than in the control (p=0.535) possibly due to the
more well developed soil which tended to have athicker litter layer.

The thinned swales had sgnificantly fewer trees and alarger mean diameter at bresst
height (DBH) than the controls. The number of stems per hectare decreased from 650 to
200 (p<0.0001) and the DBH increased from 18 to 28 cm (p<0.0001).

Despite the increased in precipitation, the disturbance, and the decrease in tree cover, no
sediment was produced from any of the thinned or the control swalesin 2004.

Satigtical analyss of the soil moisture reveded five Sgnificant covariates. The Ste of

the measurement significantly affected the soil moisture (p=0.0277). Soil moisture was
elevated at Bear Mountain compared to Jenny Gulch. The date of the measurement
sgnificantly affected the soil moisture (p=0.001). The first monitoring date was the

driest and the third date was the wettest. The trestment of the swales significantly
affected soil moisture (p=0.05). Control swaes continualy had less soil moisture than
the thinned swaes. Along with these three main covariates, date* Ste and date* treatment
were sgnificant interactions. The date* Site revedled that Bear Mountain and Jenny
Gulch did not exhibit the same soil moisture trend over the four measurement detes. The
date* trestment interaction reveded that the magnitude of soil moisture difference that
existed between the thinned and the control swales changed depending on the
measurement date. A generd relationship between the soil moisture and the precipitation
isevident. In contragt to the soil moigture difference, precipitation isrelatively smilar
between the two Sites. Jenny Gulch recorded 29 mm of mean precipitation 2 weeks prior
to measurements and Bear Mountain 31 mm of mean precipitation. One week prior to
the measurements Jenny Gulch even recorded a higher mean precipitation (11mm) than
Bear Mountain (10mm).

The 12 Spring Creek fences, the 3 Nighthawk fences, and the 2 Kelsey fences were
functiona and no new fences were indtdled at these Sites. One of the two road fencesin
Upper Sdoon Gulch was only detaining sediment from a ditch beside the road and no
data were collected from thisfence. In Trumbull, many fences were Hlill collecting
sediment, but the flow was partitioned between multiple fences. These fences were
maintained, but the data was not comparable to fences that are collecting flow and
sediment from one fence exclusively.

Each of the functional road fences trapped sediment in 2004 and the tota mass of the dry
sediment was 32,000 kg. The mean sediment production rate from al steswas 5.3 kg m
2 yr't and the range was from 0.8 kg mi? yr'* at Kelsey to 6.8 kg m? yr'* a Spring Creek.
The maximum sediment production rate was 16.3 kg 2 yr™! for asegment in Spring
Creek.

In the origina project design, changes in runoff as aresult of thinning were to be
evauated by comparing flows from the Sdoon Gulch catchments, which wasto be
treated, in Brush Creek. In early summer 2002 76-cm H flumeswereingtaled in each



basin, but approximately 50% of each watershed was burned at high severity in the
Hayman wildfire. Runoff and erosion ratesincreased by severd orders of magnitude
after the fire and resulted in the Saloon Gulch flume getting completely buried by
sediment. The Brush Creek flumefilled with sediment and organic debris during each
runoff event. This flume was excavated twice in summer 2003 with the hope thet the
flume would remain free of sediment during subsequent runoff events, but the continuing
accumulation of sediment and organic debris from each runoff event is precluding the
collection of discharge data.

Basdine runoff and water quality measurements were made on an approximately

monthly basis on No Name Creek in the Trumbull area and Saloon Gulch in 2001 and
2002, and channd characteristics were measured each year. Again the god wasto
evauate whether thinning would ater water qudity or channd characterigtics. As
expected, water quality in Saloon Gulch greetly decreased after the Hayman fire, and
there was consderable sediment deposition and a marked decrease in bed materid
particle sze. No Name Creek was not affected by the Hayman or Schoonover fires, and
the resurvey of two cross-sections in 2003 showed little to no change relative to previous
surveys. Neither discharge nor water quaity were measured in 2004, but both the
literature (MacDonad and Stednick, 2003) and the absence of any erosion at the hill
dope scde indicate that thinning should have little effect on either water qudity or

channdl cheracterigtics.

Discussion

There was more summer precipitation in 2004 than any of the previous 3 year's of
monitoring. Theintengty a Nighthawk reaches the 25 year return interval.

Nevertheess, none of the 20 thinned swaes and none of the 20 control swales produced
any sediment in 2004. These results indicate that the thinning activities being conducted
in the Upper South Plaite River Watershed are unlikely to increase erosion rates except
under the most extreme rain events.

There are numerous factors that effect soil moisture such as the quantity of
evapotrangpiration, precipitation, and the soil characterigtics. In this study two soil types
were used to study the effects of thinning on soil moisture. The results show that in the
summer months the surface soil moisture is elevated in the thinned swales compared to
the control swales. The probable cause of thisincrease is the decrease in trangpiration
and interception from the canopy. But, there are other processes that affect the il
moisture such as the increase in wood to the ground cover, the increase in wind
turbulence, and the increase in solar radiation on the ground surface. The quantity and
importance of these factors are unknown. This study was designed to detect a difference
in the soil moisture; more information is needed to determine the longevity of the soil
moisture increase and the fluctuation due to seasond variability. After the longevity and
fluctuation of the soil moisture increase are known, a process study would be helpful to
determine if this effect would be seen in other dimates or environments.



The result of the litter removal was surprising. When raking the swales, many coarse soil
particles were collected with the litter. This caused the weight of removed litter to be
greater than it should have been. Therakesdso did apoor job at collecting dl litter
gzes. Many smdl litter pieces were left on the swadle. These smal litter pieces were
available to absorb energy which otherwise could be used to move soil particlesasa
result of rain splash. Similarly the rake | eft vegetation, such as kinnikinnick, behind.
Findly, therainfal intengty over these swaes was very low and may not have been
aufficient to initiate eroson regardiess of the treetment. Further monitoring is needed to
see what rainfal is needed to initiate erosion on these denuded dopes.

In contrast to the swales, dl of the road segments continued to produce sediment. The
mean sediment production rate of 5.3 kg m? yrt isa least aslarge as the 2001, 2002, and
2003 meansof 2.1 kg2 yr?, 0.4 kg m? yrt, and 2.7 kg m? yr't, respectively. This
could be aresult of increased use from heavy logging equipment or aresult of increased
precipitation and precipitation intengity.

All roads are on the Sphinx soil series with the exception of Trumbull, which ison the
Kasder series. Theroad fencesin Trumbull aso are unique because some do not catch
al of the drainage from one segment, while others catch dl of the drainage from one
segment plus some runoff from updope segments. Because of these two reasons,
Trumbull road fences will be andyzed separately.

Conclusions

Forest thinning & thisintendty level does not increase hill dope-scde sediment

production rates from rain events ranging up to the 25-year gorm. Thinning increases the
percent wood cover on the ground, the summer surface soil moisture, and the percent of
moderately and severdly disturbed ground, and the mean DBH of the treeswithin aswae.
Continued monitoring of these effects are vauable for determining the longer-term

effects of thinning on surface vegetation, the precipitation needed to initiate eroson from
thinned and undisturbed swales, and the persistence of the increase in soil moisture.
Changes in weter qudity and channel characteristics are unlikely, and the monitoring at
this larger scale has not shown any effects due to thinning and burning.

Unpaved roads continue to be the dominant source of sediment in unburned areas. The
data collected since 2001 will be used to develop amodd to predict sediment production
from forest roads in the Upper South Platte Watershed. This model can be applied to
other aress.

2. Personnel Changes. Two students from Colorado State University were made
avalable on an as needed basis for project monitoring.

3. Travel. Noin-country travel occurred except for travel to and from the project area.

4. Meetings and Collaboration. The United States hosted the 2004 international
meseting in Lakewood, Colorado in July. Members of the internationa study team from



Turkey, Jordan, Isradl, Palegting, and the United States participated in thisevent. The
United States also hosted atour of the Upper South Platte watershed for the team
members. Thiswatershed isthe United States M.E.R.C monitoring study area.

5. Publications. One document was published.
Libohova, Z., Effects of Thinning and a Wildfire on Sediment Production Rates, Channel

Morphology, and Water Qudity in the Upper South Platte River Watershed, Fort Collins,
Colorado, Spring 2004.

If you have any questions concerning this Progress Report, please fed free to contact
either Steve Culver or Fred Patten on the South Platte Ranger Didtrict at 303-275-5610



Annual Report
Water shed Monitoring and Evaluation Project
Palestinian Authority — College of Agriculture
Hebron University
Period covered: January, 1, 2004 — December,31 , 2004

In our pioneer project (Watershed Monitoring and Evauation Project), many new
aspects have been investigated thoroughly thet related to water harvesting in arid and
semi-arid regions. There are many water harvesting techniques that were used al over
the world, and in our project, generdly, we are going to study the best evauation and
monitoring method for these techniques.

During the fourth year of the project life many activities have been accomplished
related to the project work and many results were obtained from the data collected
about the different aspects of vegetation, soil, and runoff. The following are the main
project activities that executed during the past year:

I nter national study team meeting:

The annua mesting for the internationa study teem was conducted in
Colorado-USA. The agenda for the meeting was very intendve that includes
the achievements, obstacles, data presentation, and future plans. The meseting
was vay fruitful. Many notes and suggestions were provided by the study
team members about the works of every partner and about the project in
generd. Each partner gave a presentation about hiswork. A specia section
was held for the future project activities (during the fifth year) and put more
attention on coordinating the type of datathat had been collected and that will
be callected during the fifth year.

The study sites:
It was planned that a new study siteswill be included, in addition to increasing
the areas of the current Sites. During this period, more areawas included in the
project activities. The basic works in the old and new Stes were completed
according to the project plans, asfollowing:
Sorif 9te: more area was added to the study Site. Stone terraces and
soil half moon dructures were established. Many micro catchments
were built in the Site according to the treatment for runoff and soll
sedimentation data collection. The fruit trees were planted in the site
(mainly dmond) for further evduation. Severd medicind and herbd
plants will be planted during the coming weeks. Old forested areawas
also added to the project Site, and different data will be collected about
vegetation, soil eroson and sedimentation, and runoff.
Duraste: A new lad was added to the study near the old site, where
stone terraces and soil haf moon structure were a so established.
Medicind plants and herba plantswill be planted in the Site during the
next few weeks.
Bani No'em ste: In addition to the works that dready donein Bani
No'em Ste, anew areawas prepared by building contour soil furrows
and planted with fruit trees.
Zeef dte: Some works started in this Ste, mainly fencing, and we hope
that the work will continuein this Site during the coming period.



- Data collection:

Although the palitical stuation during the summer months (mainly September
and October) was very dangerous and there was a complete siege around
Hebron city, we are lucky to collect al the required data and do the necessary
dte preparation on time. Giving that the vegetation, runoff, and sedimentation
datawere dready collected during the winter and spring season, only part of
the soil data was collected during the summer months. The unrest Stuation
affectsmostly on ddaying the preparation of the new ste for the coming
winter, that includes building the necessary water harvesting structures, and
building the micro catchments.

The necessary soil samples from each treatment at each study Sites were
regularly collected according to the plan and transported to the lab. The
physical and chemica soil andyssis in process.

While collecting the vegetation, soil, and runoff data from the different
treatments and techniques, the time (man hour) and labor were aso recorded
to evauate and compare the different methods used for water harvesting.
Summery for part of the data are shown in Appendices B and C.

Vegetation study:

The preparation for more vegetation study at the current study Siteswas
completed, that will put more atention on the spices, medicina plants, and
fruit trees as it was planned in the supplementa vegetation study. A master
sudent aready started her theses on this part. Severa important spices and
medicind plants were determined to be under investigetion in reltion to the
environmenta conditions and the water harvesting techniques as it was
planned in the supplementd vegetation sudy. The works will include plants
that grow naturaly and others replanted at the study sites (mainly the new
Stes).

Theinfluence of type of vegetation cover (naturd vegetation, naturd without
Sarcopoterium spenosum, old forest, new planted forest, and cultivated land)
on soil erosion and runoff will be dso evaluated.

- Master students:
Four master students now works within the project, one of them (Osama Al-
Jo'bih) is expected to be graduated during the coming spring semester.
Mohammad Al-Adum is a new master sudent added to the project team at the
beginning of Fal semedter.
(Appendices B and C showed a summery for part of the works of Osama
and Salenh for their theses).

Training cour se;

Asit was discussed at the IST meseting, atraining course will be conducted at
Sede Boker with cooperation with the Isragli partner, were agroup of student
will sharein this course during February, 2005. The course out line and the
permits for the sudents are in process, and it will concentrate on practica
training for some important aspects of water harvesting techniques and
vegetation data collection.



Obstacles:
Asusud, the main obstacle is the current political Stuation. The continuous
siege around the cities and closing the roads by the Isragli occupation restricts
our movements, therefore, the project activities delayed and not accomplished
on time and in many cases the works delayed for the next year. To solve this
problem, we tried to found Stes that are easy to reach, but not al the time this
works out becauise the Situation some time o difficult that movement and
vigting the sites become dangerous. Therefore, noncost extension for the project
is essentid for us to achieve the project goals.

Purchasing lab equipment and chemicals:
To perform the necessary soil chemicd and physicd analyss, severd lab
equipments, tools and chemicas were purchased.

Summery for Purchased Equipment and chemicals

Number [tem

Chemicds Set

Water Deionizer

Fume Hood

Kjeldhal Unit and
Accessories

Separation funndls

PH meter Electrode

Pipette stand

Measuring
cylinders

9 GPS 1

10 miscdlaneous

Budget expenditures:

(See Appendix A for thefinancid report)

The main categories for budget expenditures were include:
- Sdary for the technician, master students, workers.

- Travd.

- Condtructions: terraces, micro caichments and fencing.
- Pants (seedling) and planting.

- GIS Consultant.

- Lab equipment and chemicals.

Future plans.

Bascdly the work plansfor the fifth and last year of the project life will be as
it was set from the beginning of the project, taking in congderation the
modifications and the additional works that was agreed upon during the IST



meetings. The usud vegetation, hydrology, and soil datawill be collected. All
partners were prepared tables about the variables under investigation in order
to have comparable data between the partners.

More vegetation investigation will be made during the next period. Our work
for this part will include additional works on severd spices, medicina plants
and fruit trees. More area at each Site was added to the study and the required
preparation for data collection was completed, in addition, anew Stes also
added to the study.

The data collected during the life of the project will be analyzed and published
ina scientific Journd in addition to the magter theses.



Appendix B:

Osama primary results (master student)

Studies of Natural Vegetation Characteristics at Different Environments and
Range | mprovement Practices at Southern Part of West Bank

I ntroduction

Higtoricdly, Palestine was famous for its rich vegetal green cover and
Species, dso it isfamous with its variety in climate, topography, and other
environmenta characteristics. This variety founded different plant
Geographicd territories exist in small area, and each geographical
Territories represent one or more different ecosystem. Rangelands in West Bank serve
as important watershed and represent a source of genetic and species diversity, and
they represent renewable natura resources. These rangelands have been shaped by
climatic variation, topography, cultivation, livestock grazing, and fire. These factors,
and the neglecting of natura resources and the misused especidly during the |sradli
occupation caused a high rate of soil and land degradation, which led to disappearance
of vegetation cover, decreased in vegetation productivity, increased in poisonous and
unpalatable plants, severe soil eroson in many area where soil becomes shalow and
infertile, and findly the threet of desertification. Therefore soil conservation and
water harvesting is an essentid steps in devel oping these rangelands.

Range improvement and development is the best insurance againg land
degradation, and will increase the watershed vaue. However, the basic information
about the main factors of rangeland ecosystem in West Bank and their interactions are
gl lacking, and there are very limited scientific researches about natura vegetation
community in West Bank. These scientific information are required to set up the
suitable management and development plans.

Objectives
The overall objective of this study was to evaluate and assess different
vegetation characterigtics at Southern part of West Bank
The detailed objective for this study was to evaluate the change in plant
botanical composition, biomass, dendity, and frequency as affected by the
following factors
1) Environmentd factors
2) Excduded grazing.
3) Water harvesting techniques.

Material and Methods

V egetation characteristics of the natural vegetation were evaluated at three
different watersheds a Southern part of west Bank during the years 2003 and 2004 at
different environmenta factors and water harvesting techniques.



The study congsts of three main field experiments to obtain the sudy objectives.
The experiments were implemented at three Sitesin Hebron Didtrict at Southern part
of west Bank.

Experiment one was aimed to determine and compare different vegetation
characterigtics under different environments. Data was collected from the three sudy
gtes( Bani-No' em, Dura, Sorif ) which where different in rainfal, temperatures, and
other environmenta factors. For each Ste, plant composition, plant cover, plant
dengty, plant frequency, and vegetation biomass were measured in one location that
have been excluded from grazing, and compared between the different Stes.

The am of experiment two was to eval uate the effect of excluded grazing.

V egetation characteristics were eva uated and compared between grazed and
ungrazed plots.

Experiment three was aimed to eva uate the effect of water harvesting techniques.
Three water harvestings techniques was evauated, Contour ridges in Bane-Noam dte,
Semi Circulars bunds in Sorif Site, and naturd vegetation as control in the three Sites.

Contour Ridges was congructed along the contour lines by moving the soil along
the line and placed down dope to form ridges. While Semi Circular bunds was
congtructed by forming abunds along the parameter of semi circle, with the tip of
each bund are set on the contour.

Vegetation sampling was carried out in April and May during the pesk devel opment
stage of plants, and vegetation characteristics was cdculated as the following:
Ground Cover:

A one hundred step point method was used in one randomly transect, and whatever
appeared below the tip of the boot was recorded (soil, rock, or plant by species), and
the percent of soil, rock, and plant were calculated

Vegetation Biomass
At each trestment fifteen (1) n* quadrate was alocated randomly (used as
replicated), and dl the current year growth of each plant speciesindgdethe
quadrate was clipped to the soil surface ,and placed in labeled paper bags. The
plant samples were taken to the lab and the fresh and dry weight (dry a 65 C°)
was recorded , and multiplied by a given factor to obtain biomassin Kg/ ha

Plant density
At each trestment fifteen (0.25) n¥ quadrate was alocated randomly (used as
replicate) in one transect. The number of individua of each species, and the
number of al species was recorded.

Plant frequency
The presence or absence of each speciesin quadrate was caculated from density
data.

Primary results:

In this study 118 species belonging to 23 families were recorded in the three Sites.
Resultsindicated that dry biomass was low in the three Sites, 979 Kg/hain Bane
No'em, 2279 kg/haiin Sorif, and 2623 Kg/hain Dura The plant density for the three
siteswas, 646 plant/ n?, 125 plant / n?, and 124 plant /n?, in Bane-No' em, Sorif, and
Dura respectively. The most dominant species were, Asphodelus aestivus, Poa
bulbosa, Anthemis spp, and Erodium gruinum in Bane-Noem Site, Avena sterilis,



Bromuse spp, Hordeum spontaneum, Sarcopoterium spinosum, and Asphodelus
aestivus in Sorif and Dura Sites.

Grazing decreased the vegetation characteritics, and increased the unpalatable
gpecies such as. Sarcopoterium spinosum, Asphodelus aestivus, Thymeaea hirsute,
Varthemia iphionoides, and Eryngium spp.

Data show that Water harvesting techniques dter the botanica composition of the
vegetation. Plant dengity inthe W.H.T plot wasincreased at Sorif ste. Also W.H.T.
increased dry biomass.

Table 1. Ground cover percentage (plant, soil, rock) at Bani No’em, Sorif and Dura

sites during 2003 and 2004.
Percent ground Cover
2003 2004
Site Plant Soil Rock Plant Soil Rock
Bani-No'em
Natural 88 5 7 95 2 3
vegetation
Grazing 79 9 12 54 27 19
Contour Ridjes 95 3 2 96 4 0
sor |
Natural 78 9 13 94 2 4
Vegetation
Grazing 62 14 24 62 22 16
Cresent 93 5 2
Dura
Natural 92 5 3
Vegetation
53 27 20

Grazing




Table 2: Plant biomass (kg dry weight/ha) and plant dendty (no, of plants'n®) at the
three study stes during the years 2003 and 2004.

Dry Biomass (Kg/ha)

Plant Density (plant/m2)

Site 2003 2004 2003 2004
Bani-No'em
Conserved 945 978 745 646
Grazing 395 314 125 103
Contour Ridjes 651 1364 203 376
Sorif
Natural Vegetation 3104 2279 218 125
Grazing 1353 356 191 36
Cresent | --—-- 2445 | - 303
Dura
Natural Vegetation 2623 | - 124
Grazing | --—- 281 | - 57

Table 3: Changesin plant growth (estimated by plant biomass and plant cover) during
the growing season of 2004 year a the three study Stes.

Biomass(kg/ha)

Bani No’em
Treatment| 06-Jan 28-Jan 18-Feb 10-Mar 04-Apr 03-May
Conserved 18 70 410 899 978 738
grazing 196 120 216 198 314 298
Dura
Treatment 19-Jan 09-Feb 01-Mar 27-Mar 08-Apr 10-May
Natural vegetation 376 830 1117 2974 2623 1742
Grazing 64 684 563 764 281 196
Sorif
Treatment 05-Jan 26-Jan 24-Feb 20-Mar 14-Apr
Natural vegetation 785 830 1350 3809 2279
Grazing 610 962 1605 1824 256
Plant Cover (%)
Bani-No'em 06-Jan| 28-Jan 18-Feb 10-Mar 04-Apr| 03-May
Conserved 21 50 73 84 98 90
grazing 38 49 56 57 54 61
Shrubs 43 71 74 87 89 88
Dura
Treatment 19-Jan 09-Feb 01-Mar 27-Mar 08-Apr 10-May
Natural vegetation 59 71 82 94 92 93
Grazing 47 61 80 75 53 65
Sorif
Treatment 05-Jan 26-Jan 24-Feb 20-Mar 14-Apr
Natural vegetation 71 80 79 91 94
Grazing 50 73 73 75 62
Trees 52 83 81 87 79




Table (4) Dominant Speciesin Water harvesting treetment at Bane-No’ em during
2004,

Species Reétive Redtive Cover (%) Freguency

Density (%) | Biomass (%)
(%)

Bromus spp 19.2 16.7 7 73

Onobrychis 1.8 1.6 8 60

caput-galli

Chaetosciadium | 9.7 4.9 5 80

trichospermum

Crepisaspera |27 2.6 4 47

Trifolium spp 10.2 6.5 13 53

Snapis alba 2.2 8.6 10 60

Sarcopoterium | 0.21 17.3 5 6.7

spinosum

Hordeum marinum | 29.2 26.5 4 87

Anthemis 2.4 0.8 3 60

palaestina

Total 77.6 85.5 59 -

Table (5) Dominant Species in Water Harvesting trestment at Sorif Site during 2004.

Species Redive | Reative Cover Fregquency
Dendty | Biomass (%) (%)
(%) (%)

Avena gterilis 18.2 12.2 13 93

Aeglibose spp 194 2.8 8 60

Evax contracta 3.9 0.07 4 26.7

Trifolium spp 33.6 11.1 17 86

Sarcopoterium 1.2 57.3 15 73

Spinosum

Crupina 6.86 4.7 7 46.7

Crupinastrum

Total 83.2 88.2 64 -




Appendix ¢
Primary results of Saleh study (master student)

Theinfluence of different water harvesting techniques on soil characteristic and
thereroleto reduce soil erosion and runoff.

Introduction

Land degradation by the soil eroson, runoff, and sedimentation, are the serous
problems facing the arid and semi-arid regions in West Bank. As a result of these
problems soil tend to degraded, causng low soil fertility , in addition of the over
exploitation of naturd resources for agricultura production .

Soil and water conservation management by different water harvesting techniques, is
an dfective principle to reduce the high intendty of runoff , and subsequently
increadng soil moidure dorage from ranfal , while mantaning low levd of soil
eroson and sedimentation.

Oneof thedudiesin thisfidd is

The influence of different water harvesting techniques on soil characteristic
(physical and chemical properties) and there role to reduce soil eroson and
runoff.

The study begins in 2003/2004 and be continuing in 2004/2005.

Objectives:
* Three experiments will be established to achieve the following objectives.

. Sudy the influence of diffeeent waer havesting techniques on soil
characterigtics (physica and chemica characteridtics).
II. Study the effects of different water harvesting techniques on soil eroson and
runoff.
[1l. Study the effects of different water harvesting techniques on soil moidure
regime.

M ethodology
Three study Stes are located in semi-arid regions of Hebron didrict (Bani-No'em,
Dura, and Sorif) were choosed for the study. The following Deferent water harvesting
techniques were congtructed in these regions to achieve the study objectives,

- Stoneterracing.

- Hdf-moon water harvesting techniques.

- Contour ridgs water harvesting techniques.

- Treesand shrub planting.
To achieve the first objective, three replicates of representative soil samples are taken
from 0-10 cm of soil depth for each water harvesting techniques treatments. All soil
samples from the three locations were teken to the laboratory for chemica and
physca anaysis. The bulk soil samples were ar dried, crushed with a mortar and
pestle, and Seved to remove coarse (>2 mm) fragment to be prepared for the andysis.
The primary results for 2003/2004 are shown in Table (6, 7, and 8).



To achieve the second objective (measure surface runoff and sedimentation). Tow
micro-catchments units of 50 n? in each trestment were built, Water tanks were aso
inddled a the outlet of each unit to collect the running water and the sedimentation.
The amounts of surface waer runoff ae meesure after eech ranfdl events the
primary results for 2003/2004 are shown in table (1, 2, and 3), and aso the cumulative
sedimentation was messured at the end of the rainy season, the results shown in table
(5).
The soil eroson measured by:
Four Metd bars were placed a a marked soil depth in each treatments, to
measure soil erosion at the end of the rainy season.
Soil bioassay : its indirect method used to indicate how the soil eroson and
runoff effects on nutrient leaching, to achieve this objective, One
representative soil sample was collected from each treatments from the top 10
cm, in each locations ( one from low dope , and one from up dope ). S
replicate pots from each sample were prepared, three of them planted with
corn, and the other three planted with bean, the difference in dry weight of the
shoot and root between the treatments will be measures, and aso some
nutrient deficiency in plants will be measures, as an indicator for the soil
eroson.

To achieve the third objective (soil moisture regime). Six replicate soil samples were
taken from each trestment at each Ste. Soil samples were taken from different depths,
at 15 and 30 an deep in treatments with shalow soil, and a 15, 30, 50 and 60 — 75
cm in tretments with deep soil horizons. The samples were taken in cans to the lab to
measure the water content and dried a 105 C°, sample taken every 15 days beginning
from 1/4/2004 until the 1/10/2004. The process will be repested in 2005. Primary
resultsis shown in table (4).

In addition to above measurements some plants performance will be measure as
height, diameter of the sem and width, for different types of plants (olive and
amonds) that planted in haf-moon and v-shape water harvesting techniques, the
objectives of this experiment is to show how these plant affected by water harvesting
techniques.



Table (1) Water runoff (liter) in the different water harvesting treatments at Sorif site

during the 2003/2004 winter season.
Date of data collection
Total
16.12.03 | 22.12.03 | 17.1.04 | 24.1.04 | 9.2.04 | 17.2.04 | 24.2.04 | 20.3.04 | runoff
(36)* (58.5) (137) (8) (26) | (36.5) | (19.5) | (21.5) | (343)
Treatments
olive tree 26.5 67.75 | 692.8 3.8 113 | 292 151 | 288 |875.3
Shrubs 19 56.5 158.2 0 9.1 24.5 9.5 3.7 2705
Terracing 11.3 37.6 357.6 0 64 2.88 19 0 475.3
Na. veget 22.6 45 670.2 151 | 30.12 | 45.18 | 30.12 11.3 | 869.6
Halfmoon 30.1 61.7 591.1 0 226 | 45.18 15.1 566 | /714
* Amount of precipitation (mm) during that period.
Table (2): Water runoff (liter) in the different water harvesting treatments at Bani
No’em site during the 2003/2004 winter season.
Date of data collection
Total
22.12.03| 17.1.04 | 24.1.04 | 28.1.04 | 8.2.04 | 18.2.04 | 10.3.04 | runoff
Treatments | (74.3)* (100) (8.5) (12.5) |(24.3) | (55.5) | (15.7) (290.8)
Na. veget 165.63 293.8 0 15.1 [ 131.89 | 45.18 15.1 | 666.7
Terracing 26.36 | 353.5 0 0 0 72 014519
Tree 38 94 8 0 38 60 11]249.0
Soil
trracing 68 94 4 7.53 41 36 25 | 275.5

* Amount of precipitation (mm) during that period.




Table ( 3): Water runoff (liter) in the different water harvesting treatments at Dura site

during the 2003/2004 winter season.
Date of data collection
Total

22.12.03 | 17.1.04 | 24.1.04 | 6.2.04 | 20.2.04 | 23.2.04 | 8.3.04 | runoff

(47.9)* (101.3) | (5.2) (41.8) [ (21.5) |[(15.5) |[(11.3) | (244.5)
treatments
tree 30.12 354 0 124 117 105 91739.1
terracing 30 196 0 40 23 19 0] 308.0
Na.vegat 56 215 0 47 32 23 0]373.0

* Amount of precipitation (mm) during that period.

Table(4) : Preliminary data for changes in soil moisture during April/2004 at the study

sites.
Sites
Per cent soil moisture
Sorif 1-3/4/2004 18-20/4/2004 3-5/5/2004
1-Natural 15.31 13.63 135
vegetation*
2- Terracing ** 18.49 14.65 14
3- Olivetreg** 16.24 14.05 13.71
4- Haf-moon* * 15.35 13.51 12.6
5- Grazing * 8.57 7.75 6.65
6- Shrubs* 15.61 14.93 14.40
Ban noem

1-Natural 7.80 7.66 6.41
vegetation*
2- Terracing* * 19.28 17.68 16.24
3- Tree** 12.31 10.57 10.39
4- Contour rigs** 11.44 10.86 10.2
5- Grazing * 7.62 7.24 6.99
6- Shrubs* 9 7.24 7.5
7- Forest** 12.20 9.69 9.50

Dura
1-Natural 8.15 8.35 8.01
vegetation*
2- Tearracing** 14.56 15.29 12.44
3- Olivetregr* 175 14.37 14.01
4- Haf-moon* * 20.65 20.18 18.96
5- Grazing * 10.85 7.66 7.2
6- Control Half- 19.14 18.80 16.46
moon**
7- Control v- 20.1 18.19 20.5
shape**

*: At 15 cm soil depth, ** At 30 cm soil depth.




Table (5) amount of accumulative sedimentation in 2003/2004 winter season.

Durasite Sorif Site BaniNo'em site
Treatments | Sedimentation | Treatments | Sedimentation | Treatments | Sedimentation
K g/50m? K g/50m? K g/50m?
Olive Tree | 0.6908 olivetree | 0.3029 Na.veget 0.637
Stone 0.465 o071 | |-
terracing dhrubs Terracing
Na.veget 0.4165 terracing 1.2812 Tree 0.116
1.226 soil 0.602
Na. veget terracing
157
hafmoon

Table ( 6 ) some primary results of soil characteristics in Sorif dte during 2003/2004

season
Treatments | pH | EC CaCOs3 Soil Texture
(dsm?) % %
(1;2_5) coars | %Fine | %Silt | %clay
sand Sany
olivetree 7.7 | 0.33 63.6 10.8|12.2 |23.9|44.1
7.1 ]1054 204 1.1 |148|269|57.2
Shrubs 3
terracing 7.4 | 0.46 20 4.2 110.9|25.3|59.6
Na. veget 7.2 042 23.1 1.2 |17.4|10.7| 70.6
halfmoon 7.3 10.48 37.7 13.2|121.2|7.6 |58.0
Grazing 7.4 1049 524 251|141 244\ 36.3

Table ( 7 ) some primary results of soil characteristics in Dura site during 2003/2004

Season .
Treatments | pH | EC CaCO3 Soil Texture
@dsm?) | o %
(1;2_5) coars | %Fine | %Silt | %clay
sand Sany
OliveTree | 7.8 0.24 35.2 48 [345|275]|33.3
Stone 7.6 0.40 40 153|176 |26.7|404
terracing
Na.veget 7.71034 34.5 7.7 131.0|232|38.0
Halfmoon 7.8 1029 28 7 325(129.3|312
Grazing 7.410.39 42 74 1319|241 36.6




Table (8 ) some primary results of soil characteristics in Bani No'em dte during
2003/2004 season.

Treatments | pH | EC . CaCO03 Soil Texture
(dSm™) % %
(]_:2_5) coars | %Fine | %Silt | %clay

sand Sany

741039 |263 9.6 |299 |25 |58.0

Tree(acacia)

Stone. 7.6|0.36 35.5 6.7 |14.4 | 18.2| 60.7
terracing

Na.veget 7.7 0.36 314 6.3 [28.3|11.9|50.1
Contour rig | 7.7 | 0.33 33 3.7 [334|16.4)| 46.5

Grazing 78038 |38.7 11.8|36.1| 2.0 | 50.2




Middle East Watershed Monitoring and Evaluation Project-
USAID MERC Grant
Final Meeting
Cyprus Oct 1 to 3, 2005

Meeting Objectives

Summarize accomplishments/progress to date of the project (not
necessarily assess results).

Assess whether we have the information needed to address the three
guestions that we initially set out to answer in the project.

Define next steps and concrete actions to finalize the project based on
our assessment of progress.

Define structure, next steps, deadlines and responsibilities to prepare
final report.

Reflect on lessons and benefits of the project (e.g. Palestinian training in
Israel).

Explore long term sustainability of the project (what is the utility of the
work each country is doing, e.g.: dissemination of the project results and

collaborative publication opportunities).

Agenda

October 1°t - Day One
Reconnecting - Discovering Project Accomplishments

Morning
10:00 a.m. to 12:30 p.m.

Afternoon
13:30 to 15:30 p.m.

Welcome
Jenniffer Peterson and Chuck Troendle

Start Up Activity

Monitoring and Evaluation of Watersheds in the
Middle East Region - Project Review

Session Objectives:

Patricia Garcia 1. Identify project accomplishments
2. Identify activities not included
Meeting Objectives, Agenda, Expectations, 3. Get agreement that final
guidelines for working together conclusions/activities discussed represent
Patricia Garcia project participants’ work
4. Gather information needed for final report or

New Chair
Chuck Troendle

Photo show, gallery walk
Patricia Garcia

identify information gaps.

Session design:

Project objectives - Reflection

Project Presentation
By Chuck Troendle
Group Discussions




Middle East Watershed Monitoring and Evaluation Project-
USAID MERC Grant
Final Meeting
Cyprus Oct 1 to 3, 2005

October 2" - Day Two
Project Problem Solving, Final Report and Learnings

Morning
9:00to 12:30 a.m.

Afternoon
13:30 p.m. to 15:30 p.m.

Day Start up

How to Solve project Issues identified during
yesterday’s session

Session Objectives:

1. Review information and issues identified
yesterday

2. Analyze country contribution to solve
identified issues

3. Strategize on ways to acquire information or
achieve missing project outputs

Session Design:
Part 1

Small group reflection by Country
Plenary

Part 2:
Thematic Group Discussion
Plenary

1.

2.
3.

Next Steps for Final Report

Session Objectives:

Achieve agreements and clear commitments to
prepare the final report.

Agreed on key input needed.

Provide our version of USAID reporting
requirements.

Session Design:
Presentation about final report structure and
deadlines.
Chuck Troendle and Jennifer Peterson
Questions and answers

Project Learnings and Benefits

Students’ 15 minute presentations on their
theses

Questions and answers after each
presentation.




Middle East Watershed Monitoring and Evaluation Project-
USAID MERC Grant
Final Meeting
Cyprus Oct 1 to 3, 2005

October 3™ - Day Three
Project Learnings and Benefits

Morning
9:00 a.m. to 12:30 p.m.

Afternoon
13:30 p.m. to 15:00 p.m.

Day Start Up
Project Learnings and Benefits

Session Objectives:

1. Identify concrete learnings / benefits for
participants. Concrete
experiences/examples.

2. ldentify concrete demonstrations of
collaboration (how meeting others affected
their country activities)

Session Design:
Group reflections.
Plenary
Exploring Long Term Sustainability

Session Objectives:

1. Define plans to disseminate project results.

2. Identify ideas/plans to continue
using/monitoring sites - Financial plans

3. Identify plans to offer managers an
evaluation of the techniques tested in the
study

Session Design:
Small groups discussion

Plenary

Closing:

Review of meeting accomplishments and
conclusions

Definition of Next Steps
Acknowledgements and Celebrations
Final expressions - Chuck and others
Closing




Dear Arie

H, Including is the nmain subjects for a suggested training course,
these subjects conme as a result of the conmunication between ny
students and the student at Sede Boger, and according to their needs.
And their will be tow students sharing in this training.

| hope that it will be suitable for you so we can
start arranging for the course and if their is any suggestion pl ease
send it to me.

Best regards
Ayed Sal ama

kkhkkkkikkkik*k

Suggested training cour se:

* Laboratory works, to measure some soil properties as.
- Soil aggregate gability

- Soil dtructure

- Bulk dengity.

- Other analysis important to soil erosion and runoff.

* Filed works,

- Practices to measure some important soil characterigticsin thefield as,
- Soil dassfication.

- Profile description

- Measure soil properties related to soil erosion and runoff.

* Practices on ingruments that used to measure: infiltration rate, hydraulic conductivity,
s0il moisture, and others measurements.

* Works with student

(Dr. Masae, (student) ) , she specidist in soil science , and Allony who work on water
harvesting and soil moisture, and Professor Pedro to discus with him some points
related to some measurements and the best way to use these data on right way on thesis.





